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THE TEACHING OF GENERAL SCIENCE FROM 
THE TEACHER’S STANDPOINT* 


FRANCIS D. CurtTIs 
University of Michigan, Ann Arbor, Mich. 


The choice of materials that might appropriately be considered 
under this topic are so discouragingly numerous that a limited selec- 
tion seems imperative. The following presentation, therefore, will be 
confined to brief discussions of a few theses. These will be stated 
dogmatically, as if they were accepted facts; but this procedure is 
not intended to conceal or disregard the fact that they are opinions, 
not all of which have been substantially confirmed by the results of 
educational research. 


1. General science was instituted in response to a need and has per- 
sisted because of its sterling values. 


Immediately after the turn of this century, there was no generally 
accepted sequence of courses of science for the high school, which 
in those days was the four-year school. An elementary course in al- 
most any branch of science could be found at almost any level in some 
school or schools. Physiography, botany, zoology, physics and chemis- 
try were the ones most frequently taught, but among all the high 
schools there were found also, courses in astronomy and geology and 
a bewildering assortment of offerings in biological sciences besides 
botany and zoology. Among the “museum pieces’’ was one course in 
mollusks and (even more incredibly) one with a strong emphasis on 
paleobotany! 

In such a situation, repetition of common foundational materials 


* Presented before the General Science Section of the CASMT, at its “Golden Anniversary” Conference in 
Chicago, November 24, 1950. 
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was inevitable. Much time was consumed at the start of subsequent 
courses, in covering again materials that had been taught in the begin- 
nings of earlier science courses. The need was therefore strongly felt 
for designing a course, as the first offering in a more unified science 
curriculum, that would include the introductory materials of the 
specialized courses to follow. The primary motive for instituting 
general science was, therefore, the same as that which led to the 
establishment of the junior high school. It was the desire to effect 
economies of time. 

No other course of the many that have been introduced into the 
science curriculum of the secondary school during the past century, 
has encountered the hostility that greeted general science when it 
was introduced about forty years ago. Not even general biology, at 
its beginning and during its early development, had the united, 
vigorous, bitter and unremitting opposition that general science en- 
countered from college teachers of science. In spite, however, of its 
hazardous start and precarious early development, general science 
survived. Nor was its hold a tenuous one for long. Instead, it main- 
tained from the start a sturdy growth that resulted in its attaining, 
after about two decades, a permanent place in the program of studies 
of the secondary school. 

That general science has persisted and has strengthened its hold 
and consolidated its gains is due to some extent to its never having 
been seriously promoted as a college-preparatory course. For this 
reason, opposition to it from colleges rapidly diminished and has long 
since all but ceased to exist. To a far greater extent, however, the 
rise of general science has been due to an accelerated recognition that 
the course serves unique and important needs, among which the one 
that stimulated its inception is now included rarely, if ever. 


2. The pioneer course content of general science was largely deter- 
mined by research. 


The greater emphasis upon physical, than upon biological, science 
from the start of general science has always caused general surprise. 
It has seemed especially puzzling in view of the fact that the late 
Dr. Otis W. Caldwell, a “‘starred’’ botanist and a competent zoologist, 
unquestionably had more to do with the formulation of the new course 
than anybody else. It would seem only natural for Dr. Caldwell in 
planning his first general science course and his pioneer textbook in 
collaboration with Professor Eikenberry (also a highly competent 
biologist) to weight the course on the side of general biology. But the 
explanation of this apparent anomaly is simple. It is that Dr. Caldwell 
was, first of all, a true scientist. Hence, he did not formulate his out- 
line for general science on the basis of his own opinions and prefer- 


) 


| ( 
| 
ia 


TEACHING OF GENERAL SCIENCE 257 


ences. He based it upon the findings of a pioneer research investiga- 
tion that he conducted in the University of Chicago High School. 
From all available evidence this study seems to have been the first 
determination of the scientific interests of junior-high-school pupils. 
Similar in technique and to a surprising extent also in findings to 
investigations subsequently reported by Pollock! and others, this 
study provided Dr. Caldwell the guidance he sought in his choices 
of units and topics for the new course. 

Unfortunately Dr. Caldwell did not at once publish the report of 
his study and subsequently all the data were lost. But the pattern 
that he formulated from his research findings still bears a clearly 
recognizable resemblance to the general science textbooks and courses 
of today. 


3. General science is still in its vigorous youth, because it still com- 
prises an unstandardized body of materials. 


The findings of many studies of the content of general science, 
beginning with that of Howe? in 1919, reveal that there is not, and 
never has been, a close agreement among the authors of textbooks 
and builders of courses of general science with respect to what the 
exact content of this course should be. We should be glad of this fact. 
So long as general science remains a fluid field in which authors and 
course-makers are free to introduce new units of science and to alter 
the stresses upon well-established ones, there is assured for the course 
a vigorous and healthy development. Unchallenged freedom to alter 
a course is salutary. Standardization in any course is evidence of its 
incipient degeneracy and, unless revitalization takes place, fore- 
shadows its inevitable disappearance. It is devoutly to be hoped that 
so nearly standardized a content as that which long characterized 
high-school physics, will never be developed for general science. 


4. There is neither need nor justification for an advanced course of 
general science in the senior high school. 


Recently there have been sporadic and abortive attempts to offer 
a course of general science in the eleventh and twelfth grades. These 
courses are experimental efforts toward satisfying the demand for sci- 
ence education that is suited to senior-high-school pupils who are 
practically certain not to attend college. 

Such courses are not likely to be successful for several reasons. 
Prominent among these is the commonly reported one, that the repe- 
tition of materials studied earlier by these same pupils in the regular 


1C, A. Pollock, “Children’s Interests as a Basis of What to Teach in General Science,” Ohio State University 
Research Bulletin. Vol. 111, No. 1 (January 9, 1924), 3-6. 

*C. M. Howe, “Can and Should General Science Be Standardized,” ScHooL SCIENCE AND MATHEMATICS, 
XIX (March, 1919), 248-255. , 
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general science course evokes in the pupils attitudes of boredom, 
indifference or active resentment. 

A practical program that eliminates the need for a second course 
in general science, and also, for that matter, of such courses as senior 
science and consumer science, has been proposed by the Forty-sixth 
Yearbook Committee of the National Society for the Study of Edu- 
cation. In their report,’ this committee advocates general science as an 
integrated course through grades seven to nine, or as a full-year 
course in the ninth grade. This course is to be followed in the tenth 
grade by general biology, and in the eleventh, by general physical 
science. This latter course, however, is not to be confused with 
general science or with the emasculated courses of physical science, 
that have been designed for dull-normals at the senior high-school 
level. Instead it is to be a companion to general biology, similar in 
purpose and value, both as a terminal, and a college-preparatory, 
course. Such a program leaves in the senior high school, one year free 
for pupils to elect some specialized science course. 

Here and there, a science curriculum is being put into practice, 
that provides for the same sequence of general education as that just 
described but that leaves two high-school years free for specialized 
science courses. In this program, general science is offered through 
the seventh and eighth grades, or for a full year in the eighth. This 
course is followed by general biology in the ninth grade (a full labo- 
ratory course) and general physical science in the tenth. There then 
remain the eleventh and twelfth grades for specialized science courses. 


5. General science is less well taught than any other branch of science, 
except elementary science, but this situation can be remedied substan- 
tially. 

There are many reasons why this indictment is justified. The chief 
ones, perhaps, are (a) the assignment of the general science course to 
teachers inadequately trained in science; (b) too large classes; and 
(c) the difficulties in the way of introducing laboratory wor into the 
course. 

a. The assignment of the general science course to inadequately trained 
teachers. At the start it should be stressed that some of the ablest 
teachers in the entire profession are doing magnificent jobs of teach- 
ing general science. These teachers are responding to the challenge 
presented by the age group involved and the splendid potentialities 
of the course, in a way to make all teachers proud. But on the debit 
side are discouraging factors. Perhaps the most serious of these is a 
lack on the part of many administrators of a comprehension of what is 


3 Forty-sixth Yearbook, National Society for the Study of Education, The Chicago University Press, 1947. Pp. 41- 
43. 
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involved in the teaching of a good course in general science. Too many 
tacitly, or openly, indicate their belief that “anybody can teach gener- 
al science.”’ As a result, this course, that demands a broad though not 
intensive acquaintanceship with at least six fields of science, is often 
assigned to teachers who are wholly lacking in scientific training, 
who have taken a course or so in only one branch of science, or who 
happen to have a free teaching period. 

It is platitudinous to state that nobody can teach what he does not 
know. The cleverest teaching methods and devices ever invented are 
wholly futile unless the practitioner has something to teach. There- 
fore, the first requisite of any teacher at any level is subject-matter 
competence. Hence, even the staunchest advocates of general science 
would probably agree that it would be better not to offer the course 
at all than to have it taught by teachers who lack the subject- 
matter competence that its effective presentation demands. 

b. Too large classes. Before the depression of the nineteen thirties, 
considerable progress was being made toward restricting enrollments 
in high school classes to twenty-five, or at most, thirty pupils. But 
under the major financial handicaps imposed by the depression, 
harassed administrators increased the average class size substantially 
—in many cases to double that previously considered reasonable. 
A few research investigations were reported, the results of which the 
investigators interpreted as indicating that the considerable increases 
in class size imposed no serious handicaps upon learning. These 
studies, however, were promptly discredited, after their reports had 
been subjected to critical analysis and evaluation by competent re- 
searchers and statisticians. 

Every teacher knows that the difficulty of instruction increases 
probably in a geometrical ratio as the class size increases above thirty: 
Commonly, however, classes of general science are larger than those 
of biology, physics, or chemistry. There is no ready and obvious 
solution to this serious problem of too-large classes. But every teacher 
can participate in a ceaseless campaign of education, to convince the 
school patrons that relatively small classes are essential to effective 
teaching of all subjects at all levels. 

c. The difficulties in the way of introducing laboratory work into the 
course. It is generally conceded that laboratory work is an essential 
part of the regular courses of biology, physics, and chemistry. 
Unfortunately, however, the same conviction is by no means general 
with respect to courses of general science. The Forty-sixth Yearbook‘ 
stresses the viewpoint that probably all leaders in science education 
hold, namely, that there must be some experimentation by individual 
pupils in every course of science at whatever level it may be taught. 


4 Op. cit., p. 53. 
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It is an unfortunate fact, however, that in many general science 
classes there is no experimentation of any sort; that, in others, there 
is only limited demonstration; and that in only a relatively few is there 
any individual pupil experimentation. 

The reasons for this unfortunate situation are many, but prominent 
among them are these: Teachers feel that there is not time for any 
sort of laboratory work; they believe that their classes are too big 
for pupil experimentation to be practicable; and undertrained teachers 
fear to attempt conducting or directing experiments. There is validity 
in-all these reasons. But nothing must discourage vigorous attempts 
to remedy the situation. 

The first step toward making a place for some laboratory work 
in the general science course is to reduce the amount of course con- 
tent. Fortunately, there is no standardized amount of material that 
should be covered in the course. From the abundance of available 
material, an amount should be selected that is appropriate to the 
ability and maturity of the class. In most cases such a procedure 
would not reduce the number of units studied. Since a primary pur- 
pose of general science is to provide orientation—a ‘“‘bowing acquaint- 
anceship” with the more prominent branches of science—the teacher 
would want to include some aspects of all the units that she deems 
important. By sufficiently reducing the amount of matérial to be 
covered in these units, opportunity can be provided for including 
some laboratory work. In general science this will consist largely 
of demonstrations, and according to the limited research evidence 
yet available, these demonstrations should be made by the teacher 
rather than by the pupils, except as the latter may be able to assist 
the teacher in the manipulations. 

Defensibly a greater proportion of the experiments planned for 
the course will be performed by demonstration in general science 
than in biology, physics or chemistry. But there needs also to be some 
provision for individual experimentation, for, as the Forty-sixth 
Yearbook affirms’ ‘there is no substitute for it.” These individual 
experiments should be simple and none needs to be performed by all 
the pupils. Elementary experiments with levers, the air, magnetism, 
molds, and many other aspects of the course can be performed by the 
pupils outside of school, as well as in class. The results of these indi- 
vidual experiences can be pooled in subsequent class discussions, and 
then supplemented with materials from the texts and other sources. 


6. That course of general science is best that stimulates the greatest 
amount of reflective thinking. 


This thesis would probably be accepted as true, not only for general 


§ Loc. cit. 
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science but of every other course, as well. Ways of stimulating reflec- 
tive thinking include providing abundant practice in applying the 
scientific method to laboratory and other problems and in introducing 
into the class discussions, a wide variety of “thought” questions. Such 
research evidence as is available indicates that in the average science 
classroom, the questioning is largely confined to eliciting the factual 
answers to questions, when the needed facts are presented in the as- 
signment that the pupils are assumed already to have studied. There 
are available, however, the results of extensive research that reveal 
many kinds of stimulating questions. These include making a com- 
parison or contrast; making a decision when different alternatives 
are presented; applying principles to new situations; classifying; 
indicating cause and effect relationship; inventing an example or illus- 
tration; analyzing aim or purpose; criticizing statements or proce- 
dures; making inferences, discussing; outlining; defining or explaining; 
associating recalled ideas; summarizing; observing specified materials 
or phenomena; and formulating questions. 


7. The boredom on the part of pupils when they encounter in the gener- 
al science course aspects of science with which they deem themselves to 
be familiar, can be successfully combated. 


Through elementary science, boys and girls in increasing numbers 
now enter the junior high school with a rudimentary knowledge of 
the topics and other phases of science that formerly pupils met for the 
first time in the genera] science course. As a result, the teachers of 
general science are encountering a mounting difficulty in arousing 
and maintaining interest in the course. They are now encountering 
the same sort of difficulty that the teachers of biology, physics and 
chemistry first had to face three or four decades ago, during the rise of 
general science. They are met with such pupil comments as “Oh, 
we've had that before,”’ or “‘We learned all that in the grades.” 

This problem is omnipresent and discouraging. Furthermore it is 
certain to become more serious, with the continued lusty growth of 
elementary science, which is both inevitable and desirable. Fortunate- 
ly, at least a partial solution of this problem is available. 

One effective means of coping with such manifestations of boredom 
in the class is to explore by skilful questioning exactly what the class 
does know about each aspect of the course as it is introduced. It is 
unlikely that this knowledge will be found to be impressive for its 
extensiveness, its accuracy, or its profundity, as even the pupils 
easily can, and obviously must, be made soon to realize. In the course 
of such exploratory questioning, it will be possible to suggest, and to 
stimulate the boys and girls to ask, many appropriate questions about 
aspects of the subject with which they are totally unfamiliar. Such 
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a challenge kindles interest. The class may then be led to seek the 
answers to these questions. If avoidance be possible, however, the 
answers should not be sought by the usual and obvious method of 
reading at once the ready-made answers in the text or reference 
books. Ideally, if practicable, the pupils should start their search for 
the answers to their questions by performing experiments or by mak- 
ing observations. They will seek first-hand relevant information on 
field trips and by every other experiential means at their disposal. 
Then, last of all, when every other available resource has been ex- 
hausted, the pupils can look up the answers in their text and in sup- 
plementary sources. 


8. General science cannot be successfully integrated into a core with 
algebra or general mathematics. 


It is common knowledge, of course, that mathematics is an insepa- 
rable component of every advanced course in science. Even the con- 
ventional high-school courses of physics and chemistry are actually 
integrations of these sciences with some arithmetic and algebra. 
Hence, the idea exists in the minds of many administrators, school 
patrons and teachers who teach neither science nor mathematics, that 
it should be possible to integrate any combination of a science course 
and a mathematics course, if both are planned for the same pupil 
groups, and thus to effect an improvement over either. 

It must be kept in mind, however, that the successful integration 
of any two courses into a “‘core’’ depends on the number of common, 
or closely related, elements that exist in both courses. But there is 
hardly a trace of mathematics in general science. Any attempt, 
therefore, to assemble enough common elements in these two courses 
to make an acceptable integration is impossible and absurd. 

What must result from all such attempts? The teacher in charge 
of the mathematics-general-science core, must actually teach two 
courses little or no more closely related than if they were taught at 
separate periods. Often, moreover, the teacher to whom this core- 
course is assigned is not well qualified to teach both, for actually, the 
combination of science and mathematics for teaching majors and 
minors is not especially common. The result is that her efforts to 
teach the two courses may be less effective than would be the efforts 
of two teachers to teach the same courses separately. 


SUMMARY 


The preceding discussion has briefly dealt with the following 
theses: 

1. General science was instituted in response to a need and has 
persisted because of its sterling values. 
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2. The pioneer course content of general science was largely deter- 
mined by research. 

3. General science is still in its vigorous youth, because it still 
comprises an unstandardized body of materials. 

4. There is neither need nor justification for an advanced course 
of general science in the senior high school. 

5. General science is less well taught than any other branch of 
science, except elementary science, but this situation can be remedied 
substantially. 

6. That course of general science is best that stimulates the greatest 
amount of reflective thinking. 

7. The boredom on the part of pupils when they encounter in the 
general science course aspects of science with which they deem them- 
selves to be familiar, can be successfully combated. 

8. General science cannot be successfully integrated into’a core 
with algebra or general mathematics. 

The importance of general science is constantly increasing, because 
science is growing in importance throughout the world. Workers in 
this subject are fortunate indeed to be participating in the stimulating 
task of developing and improving this fascinating introduction to 
important scientific fields. 


PHYSICS FELLOWSHIPS AT CASE 


High school physics teachers in 12 states will have an opportunity to win Gen- 
eral Electric Science Fellowships for 1951 at Case Institute of Technology, 
Cleveland, Ohio. Dr. Elmer Hutchisson, acting president at Case, has announced 
that 50 of the all-expense fellowships will be awarded for a special six-week pro- 
gram to be given at Case, June 25 to August 3. The fellowships, now being of- 
fered for the fifth consecutive year, are awarded in recognition of excellence in 
the teaching of high school physics. The awards are open to teachers from 
Ohio, Illinois, Indiana, Iowa, Kentucky, Michigan, Minnesota, Missouri, Ten- 
nessee, West Virginia, Wisconsin and Western Pennsylvania. 

The program at Case has been broadened this year by the addition of four 
more states to the region it serves. Teachers in Iowa, Minnesota, Missouri and 
Zee now may participate in addition to those in the eight states originally 
included. 

County school superintendents and high school principals are being invited by 
Dr. Hutchisson to nominate one teacher or more from those under their super- 
vision for these fellowship awards. Nominees must be experienced secondary 
school physics teachers who hold a college degree representing substantial under- 
graduate courses in physics and mathematics. 

The fellowships will cover travelling expenses to and from Cleveland, living 
expenses during the program, books, tuition and fees. Men awarded fellowships 
for this summer will reside in the new dormitory to be opened at Case in Febru- 
ary. Applications will be received by Dr. Hutchisson until April 14. 


He that cannot obey, cannot command. 
—BENJAMIN FRANKLIN 


NEW EDITOR FOR HIGH SCHOOL CHEMISTRY 


With this issue Allen F. Meyer, head of the chemistry department 
and evening school principal of the Mackenzie High School of De- 
troit, becomes editor of high school chemistry. Mr. Meyer’s efficient 
work as president of CASMT, to which he as vice-president succeeded 
when the illness of President Paul L. Trump forced him to resign, 
will long be remembered. 

Mr. Meyer received his Bachelor of Science degree from the Uni- 
versity of Michigan in 1926 and the A.M. degree from the same insti- 
tution in 1931. Later he continued his work for the Ph.D. at the 
University of California, the College of the Pacific, University of 
Detroit, Wayne University, and Lawrence Institute of Technology. 
His preparation was first in chemical engineering, which he followed 
as metallurgist for the Murray Body Corporation and later as a 
chemist for Ford Motor Company. But the field of education was 
the winner, for he became a teacher in the Dearborn (Michigan) 
High School, then at Lodi (California) Union High School, and is now 
in the Detroit Schools. 

In all of this activity he has found time to serve as director and 
president of Metropolitan Detroit Science Club, as editor of Metro- 
politan Detroit Science Review, has filled all the offices in the chemistry 
section of CASMT, has been a member of its important committees, 
and was a contributing author to A Half Century of Teaching Science 
and Mathematics. 

As editor of our chemistry department he replaces Dr. Kenneth E. 
Anderson, who now takes over our department of Science Demonstra- 
tions. 


HOW HIGH CAN A MAN JUMP ON THE MOON? 


JuLius SUMNER MILLER 
Dillard University, New Orleans 22, Louisiana 


Somewhere in the first course in physics the subject comes around to the 
measure of gravity on the moon. It is either demonstrated analytically or just 
simply stated that g on the moon is roughly one-sixth that on the earth. The 
text or teacher then proceeds glibly to a conclusion something like this: If a man 
can clear a six-foot vertical jump on the earth he can do about thirty-six feet on 
the moon. And the matter is left there. 

My interest has been incited by the following analysis: Suppose the center of 
gravity of the man to be 3 feet above the ground. When he clears a six-foot bar 
he raises his center of gravity only three feet. By analogy then, he can lift his 
center of gravity eighteen feet on the moon. But it is already 3 feet above the 
surface of the moon; hence he can clear a bar at 21 feet! What would your students 
say about this? 


Note: I am indebted to Professor Cecil B. Read for inciting my own thinking in 
this quarter and I take the liberty of stimulating others with his coin. 
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THE MATHEMATICS USED IN THE BIOLOGICAL 
AND THE PHYSICAL SCIENCE AREAS IN 
A COLLEGE PROGRAM OF 
GENERAL EDUCATION* 


ADELE LEONHARDY 
Stephens College, Columbia, Mo. 


The need for mathematics by the specialist in science or technology 
is axiomatic. But what are the mathematical needs of the college 
student who does not plan to specialize in mathematics or the related 
sciences? This problem implies both what mathematics is actually 
used by the general student and what mathematics has potential 
value in making the individual more effective. This is a very complex 
problem, and the presence within it of many subsidiary and inter- 
related subjects for research is at once evident. In its broad implica- 
tions the problem is one of determining the unique function of mathe- 
matics in the program of general education. 

The study about which I have been asked to report focused its 
attention on one small facet of the larger problem. In it an attempt 
was made to identify the mathematical concepts and processes in the 
books used in college courses in the program of general education. 
Three areas were included in the study—the humanities, social sci- 
ence, and natural science. A similar study was made by Dr. Georges! 
about 1930. The books included in the present study are those used by 
three or more of a selected group of colleges and universities and the 
textbooks used in the elementary courses in these areas at Stephens 
College, where the philosophy of general education has been a domi- 
nant note for many years. While the study was primarily a frequency 
study, breadth of use as indicated by the number of books in which a 
given concept or process occurs was also considered. 

This report is concerned with the findings in the natural science 
area. Because the nineteen colleges and universities represented in 
this part of the study almost unanimously offer two courses in science 
for purposes of general education—one in biological science and the 
other in physical science—the results in science aré divided into these 
two divisions. Twelve books in biological science and nine in physical 
science were analyzed. 

Let us look first at the quantity of mathematics found in the two 
areas of science. 

This table presents nothing new or startling. The number of pages 


* Read at the Junior College section of the CASMT at Chicago November 25, 1950. 
1 Joel S. Georges, ‘Mathematics in the Scheme of General Education,” ScHOoL SCIENCE AND MATHEMATICS, 
32: 57-64, January, 1932. 
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of physical science material included was approximately two thirds 
of the biological science analyzed. Nevertheless, the recorded fre- 
quency of occurrence of mathematical concepts and processes in the 


TABLE 1. THE NUMBER AND FREQUENCY OF OCCURRENCE OF MATHEMATICAL 
CONCEPTS AND PROCESSES IN BOOKS IN SCIENCE 


Total 


Biological Physical 
Science Science Seen 

Frequency of use of mathematical con- 

cepts and processes in: 

(a) Text material 16,759 29,425 46,184 

(b) Exercise material 338 6,343 6,681 

(c) Total 17,097 35, 768 52,865 
Number of pages of material analyzed 6,613 4,117 10,730 
Mean frequency of mathematical con- 

cepts or processes per page 2.6 8.7 4.9 
Number of different mathematical con- 

cepts and processes: 

(a) Text material 216 329 351 

(b) Exercise material 25 134 138 

(c) Total 218 334 355 


books in physical science was twice the number tabulated in biologi- 
cal science. The mean number of concepts and processes per page of 
physical science material was over three times the corresponding 
measure for biological science. The range of different mathematical 
concepts and processes used in physical science is also greater than 
that used in the biological science area. 

Now let us turn aside from sheer quantity to see what mathe- 
matics is used in the books of the science area. Consider first the 
mathematical content of the text material. We shall later discuss 
briefly the exercise or problem material. While the quantity of mathe- 


TABLE 2. PERCENTAGE DISTRIBUTION OF THE MATHEMATICAL CONTENT OF THE 
TEXT MATERIAL OF THE Books IN SCIENCE, CLASSIFIED 
ACCORDING TO THE THREE Major CATEGORIES 


Biological Physical 
Science Science Science 
Area 
Quantitative relationships 73.3% 72.1% 72.5% 
Spatial relationships 22.2 24.0 23.3 
Logical structure 4.5 3.9 4.2 
100.0 100.0 100.0 
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matics in the two science areas differs greatly, there is close similarity 
in the percentage distribution of the mathematical concepts and 
processes within the three major categories which were used in 
classifying data. These were quantitative relationships, spatial re- 
lationships, and logical structure. 

On the basis of frequency of occurrence, approximately three 
fourths of the mathematical content of the text material in both bio- 
logical and physical science is quantitative in character. The remain- 
ing one fourth consists largely of concepts and processes related to 
spatial relationships, with roughly one twentieth tabulated in the 
category of logical structure. 


TABLE 3. PERCENTAGE DISTRIBUTION OF THE MATHEMATICAL CONTENT OF THE 
Text MATERIAL IN SCIENCE, CLASSIFIED ACCORDING TO 
THE SUBDIVISION OF THE MAJOR CATEGORIES 


Biological Physical 


Science Science Total 


Quantitative relationships 


A. Numbers and operations with numbers 49.5% 45.6% 47.0% 
B. A collection of numbers 5.2 2.9 3.7 
C. Two or more related collections, the 

function concept 18.6 23.6 21.8 


Spatial relationships 


A. Configurations in a plane 11.4 9.9 10.4 
B. Configurations in  three-dimensional 
space 10.8 14.1 12.9 


Logical structure 


A. Types of reasoning 4.5 
B. The modern geometries and their ap- 
plications 0.0 0.1 0.1 


100.0 100.0 100.0 


First let us note the subdivisions of the major classifications in 
Table 3. Quantitative relationships are divided into three groups: 
(1) numbers and operations with numbers (both arithmetic and 
algebraic); (2) a collection of numbers, including the collection and 
organization of data and other collections such as progressions and 
combinations; and (3) two or more related collections, or the function 
concept. 

Spatial relationships are divided into two classifications, configura- 
tions in a plane and configurations in three-dimensional space. It 
might be said parenthetically here that there had been no original 
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intent to separate the plane geometry from the solid geometry, for 
such a separation is artificial. However, as the sorting of data pro- 
ceeded, it was evident that considerable three-dimensional material 
was present. It was feared that the implications of its presence might 
be neglected if it were not treated separately. 

The category of logical structure is limited to specific references to 
postulates and assumptions, hypotheses and theories, inductive and 
deductive processes, and to the modern geometries which are illustra- 
tions of abstract logical structures. In including logical structure as 
one of the three major categories no claim is made that logic is pe- 
culiar to mathematics alone. However, it is a characteristic of a 
mathematical structure. 

We note from the data presented in Table 3 that the percentage 
distributions are again very similar for the two branches of science. 
Numbers and operations with numbers come first with about one half 
of the total frequency; then the function concept, one fifth; and then 
the two subdivisions of spatial relationships. Following the classifica- 
tions of spatial relationships come types of reasoning and then a 
collection of numbers. A mere trace of the modern geometries and 
their applications was found. 

Table 4 shows a further analysis of the data collected from the text 
material of the science area. 


TABLE 4. FURTHER ANALYSIS OF THE PERCENTAGE DISTRIBUITON OF 
THE MATHEMATICAL CONTENT OF THE TEXT MATERIAL 
OF THE BOOKS IN SCIENCE 


Biological Physical 
Science Science 


Total 


I. Quantitative relationships 


A. Numbers and operations with num- 


bers 
Arithmetic: 
Basic number concepts 5.0% 5.3% 5.2% 
Comparison of two quantities 7.1 5.3 6.0 
Percentage 8.9 3.7 5.5 
Computation 1.4 2.8 2.3 
Measurement 25.8 22.9 23.9 
Algebra: 
Signed numbers and operations 
with them 1.3 5.6 4.1 
B. A collection of numbers 
Data—its collection and organization 4.8 2.8 3.5 
Other collections 0.4 0.1 0.2 
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TABLE 4—(continued) 


Science Science Total 


| Biological Physical 

| C. Two or more related collections, the 

function concept 

Ways of representing the function 

concept 6.7 

} Correspondence in statistical data 0.6 

Applications in geometry 3.1 
3.0 
5.2 


w anos 
v=) 


Applications in trigonometry 
Applications involving mass and/or 
time 


II. Spatial relationships 
) A. Configurations in a plane 


Basic concepts of point, line, and plane 2.$ 
Positional and incidence relationships 2.0 
Plane figures 1.7 
Parts and dimensions of plane figures 3.2 
Geometric notation 0.0 


CN we 


B. Configurations in three dimensions 


Positional and incidence relationships 2.5 
Three-dimensional figures 3.1 
Parts and dimensions of solid figures ae 
Applications in three dimensions 2.0 


NIAC CO 


III. Logical structure 
A. Types of reasoning 
Inductive 3.5 
Deductive 0.8 
Other types 0.2 


B. The modern geometries and their ap- 
plications 0.0 0.1 0.1 


The next problem was that of identifying the specific mathematical 
concepts and processes which are essential to an understanding of the 
text material of the science area. Two criteria were used as a basis 
| for the determination of essential concepts and processes: (1) a fre- 
quency of occurrence equal to or exceeding the median for the par- 
ticular area, and (2) the presence of the concept or process in at least 

one half of the books examined in the area. 
On the basis of these criteria, ninety concepts and processes in 
biological science and one hundred thirty in physical science may be 


| 
8.9 
0.3 
2.9 
5.3 

| 4.4 
2.0 

3.1 

1.4 

3.8 

0.1 

2.1 
3.0 
2.8 

5.0 

| 
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considered essential for their respective fields. Surprisingly, in each 
area the total recorded frequency of the essential concepts and proc- 
esses is 93 per cent of the total mathematical content recorded for 
that branch of science. 

There is considerable overlapping in the two lists. All of the items 
on the biological science list are on the physical science list, with the 
exception of six items. If these six concepts are added to the list of 
one hundred thirty for physical science, the student who under- 
stands and can use the one hundred thirty-six concepts and processes 
will be able to deal with roughly nineteen twentieths of the text ma- 
terial of these two fields of science. This conclusion is based, of course, 
on the assumption that the books examined are representative of 
those used for purposes of general education in college courses in 
science. 

Copies of the lists of concepts and processes essential to the two 
areas of science are available. There is danger in distributing such 
material, for there is the possibility of misinterpretation. In the first 
place, the present study does not presume to be definitive. Certainly 
corroborative studies should be made. Second, certain items on the 
list need interpretation. The list should be annotated. Thus, mazi- 
mum and minimum occur on both lists. In the books analyzed these 
concepts refer simply to the largest and the smallest items in a collec- 
tion of data. They do not involve the more complicated concepts and 
techniques of maxima and minima as used in calculus. 

Chemical reactions are another case in point. They were tabulated 
in the study, because they represent mathematical identities, and 
they appear on the list of essential concepts and processes for both 
biological and physical science. However, this is not intended to imply 
that it is the job of the mathematics teacher in preparing the student 
for science to teach the reactions of chemistry. To use a few simple 
chemical reactions to illustrate the idea of identities would be de- 
sirable, but to go further than this seems impractical. The same com- 
ment might be made concerning the applications of mathematics to 
problems involving mass and/or time. 

At this point let us briefly examine the mathematics used in the 
exercise material of the science books analyzed. Because the mathe- 
matical content of the exercise material in biological science was 
found to be extremely limited, no attempt was made to determine a 
list of concepts and processes essential to the problem material of 
this branch of science. On the basis of criteria similar to those for 
the text material, fifty-two essential concepts and processes were se- 
lected for the exercise material of physical science. This list overlaps 
that given for the text material of physical science. Only four of the 
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fifty-two items were not already on the list for the science area. 

It is evident from an examination of the essential concepts and 
processes used in the books in science that the college program of 
general education presupposes an understanding of and a compe- 
tence in the use of certain mathematical concepts and processes 
which are largely the work of the elementary school and the high 
school. This pre-college mathematics contains elements from each of 
the four years of high-school mathematics—first- and second-year 
algebra, plane and solid geometry, and plane trigonometry. Only a 
very limited number of processes and concepts were encountered in 
the study which are from the realm of college mathematics. 

The statement just made concerning the high-school mathematics 
used is in no way intended as a recommendation that students who 
do not plan to specialize in mathematics or science should take four 
years of high-school mathematics. The mathematics needed is not so 
extensive, nor so difficult, as to require four years of preparation. Let 
us enumerate some of the needs from each of the subject fields of 
mathematics. 

Arithmetic. In addition to facility in the fundamental operations 
with integers, fractions, and decimals, an understanding of small 
numbers (.001 or less), large numbers (500,000 or more), the com- 
parison of two quantities, the first two cases of percentage, and the 
arithmetic of measurement are the outstanding arithmetic needs. 

Algebra. The essential needs in algebra are positive and negative 
numbers and those phases of algebra which are the basic ideas under- 
lying the function concept and the means of representing these rela- 
tionships by means of quantitative principles stated in words, tables, 
line graphs, formulas, direct and inverse proportions, and variation. 

Geometry. One noticeable feature of the findings of the study is the 
number of items which are related to the recognition of geometric 
forms in three dimensions and to the relationship of points, lines, and 
planes in space. The findings thus underline statements which have 
been made indicating the importance for the student of acquiring 
certain fundamental ideas of solid geometry along with, and possibly 
preceding, work in plane geometry. 

Trignometry. The original raw data of the study show that there is 
little use made by the general student of the solution of triangles by 
trigonometric means but that the concept of circular functions is one 
of the most-frequently occurring mathematical ideas in the area of 
general education. This agrees with Newsom’s statement that 


... In this age when every person must deal with phenomena that involve 
some form of periodic motion (that is, radio, light, music, and so on) it is a mis- 
take to ignore the trigonometric functions, but the trigonometry that is en- 
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visaged could completely ignore the solution of triangles; triangle solving has 
little significance for most people.? 


Statistics. While a number of statistical concepts are used in the 
books included in the study, particularly in biological science, only 
four concepts appear on the list of essentials for both biological and 
physical science. These are average (mean), maximum, minimum, and 
range. One is surprised by this small list from statistics, for the current 
literature on general education frequently contains references made 
by teachers in other fields to the need for an understanding on the 
part of the student in the general area of simple statistical measures 
and procedures. The question may be raised whether authors and 
teachers in the science field avoid further references to statistics 
simply because the students do not have the necessary background 
in this area. Or have teachers over-estimated the need for statistics? 

On the basis of the need established by the findings of the study— 
not only in the science area, but also in the humanities and in social 
science—I should like to list a number of recommendations: 

1. Competence in mathematics should be one of the objectives in 
the program of general education on the college level. Thus, pro- 
ficiency in effective communication by number should be a goal of 
general education just as efficient communication through the written 
or spoken word is at present one of the primary objectives in most 
colleges. 

2. What is the responsibility of the high school in meeting the 
mathematical needs of the general college student? First, the high 
school teachers of mathematics should be cognizant of the mathe- 
matical needs of the student who does not plan to specialize in mathe- 
matics or one of the related sciences but who does plan to take courses 
in the areas of general education. Second, courses should be offered 
suited to the needs of these students. The basic essentials should be 
present in these courses. However, the items on such a list as that 
obtained in the present study cannot be studied in isolation but will 
involve other related ideas and in some cases ideas on which the 
essential concepts themselves are dependent. Because understandings 
and skills become impaired with disuse, the possibility of offering 
such work during the eleventh and twelfth years should be studied. 
If such a plan is not feasible or desirable, and the work is offered dur- 
ing the first two years of high school, then the advisability of using 
some means of maintaining these mathematical skills and processes 
throughout high school, or at least refreshing them during the senior 
year, might well be explored. 

3. What is the responsibility of the college in meeting the mathe- 


2 Carrol V. Newsom, “A Course in College Mathematics for the Program of General Education,” The Mathe- 
matics Teacher, 42: 22, January, 1949. 
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matical needs of the student in general education? A specific level of 
proficiency in mathematics as a requirement for entrance to college 
is not proposed. The student and his preparation, or his lack of it, 
must be accepted by the college teacher as incontrovertible data, and 
he must proceed from that point. In the case of mathematical prepa- 
ration this means, I believe, that the college cannot ignore a lack of 
adequate preparation. It should take the initiative in discovering the 
lack and remedying it. 

The deficiency in mathematical preparation may be met by the col- 
lege in one of three ways. First, the teachers in a special area, such as 
science, may teach the mathematics needed as it is encountered in the 
course. Teaching mathematics when and where it is needed has the 
advantage of motivation. It has the disadvantage of taking the time 
which might otherwise be used in work with the materials of the 
course. Unless the work is highly individualized, it is annoying and a 
needless waste of time for those students who were adequately pre- 
pared when they entered the course. 

A second possibility is that the mathematics department may offer 
a course covering the essential mathematics needed for the combined 
areas of general education. This would be in the nature of a service 
course and would be required for those who are deficient in prepara- 
tion. This does not preclude the possibility of offering a separate 
service course for each area of general education, but this plan seems 
less workable from the standpoint of time, administration, and dupli- 
cation of materials. 

A final possibility is for the mathematics department to offer a 
course in mathematics for general education which will serve as a 
service course and which will at the same time present mathematics 
as one of the areas of general education. It is not possible to provide a 
blueprint for such a course, but basic to it is the assumption that 
mathematics has something to offer the student of general education 
other than its value as a tool to the understanding of other areas. 

4. Since the data presented previously indicate that the list of es- 
sential concepts and processes for a given area of general education 
satisfy only a part of the mathematical needs of that area, one may 
question who is responsible for the remaining concepts and processes 
used in each area. I believe that the basic essentials—those which are 
used more frequently and occur more generally—may be the re- 
sponsibility of the mathematics department, but it seems that the 
mathematical needs peculiar to a particular area should be primarily 
the responsibility of that department. 

5. Finally, may I say that much further study is needed of the 
mathematics which has potential value for the college student in the 
program of general education. Studies should be made not only of 
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things as they are, but they may well “lift the sights” and study 
things as they might be. This fact is presented pointedly by Hurd: 


. .. Students whose most advanced course is intermediate high school algebra 
can understand the concept of the material universe as held prior to 1700. These 
students cannot hope to understand the Newtonian concept of the universe 
which, though now outdated, continues to be useful to us in almost every aspect 
of our daily life. The Newtonian world is a dynamic world in which the concepts 
of time, distance, rate of change of distance, and rate of change of rate of change 
of distance are fundamental. . . .* 


3 Cuthbert Hurd, “Mathematics in General Education,” The Journal of General Education, 1: 49, October 
1946. 


OHIO COUNCIL OF TEACHERS OF MATHEMATICS 


In November 1950 a group of mathematics teachers met in Columbus, Ohio, 
to organize the Ohio Council of Teachers of Mathematics. The first general 
meeting will be held at the University High School, College of Education, Ohio 
State University, on April 20th and 21st. The topic is Functional Mathematics. 
Teachers of mathematics are cordially invited to attend. Notices and complete 
programs were sent the first of March to all on our mailing list. The secretary 
will supply others on request. 

Temporary officers are: President, Herschel E. Grime, Cleveland; Vice-Presi- 
dent, Harold L. Lee, Athens; Secretary, Ona Kraft, Cleveland; Treasurer, Os- 
car F. Schaaf, Columbus. H. C. Christofferson is chairman of the Program Com- 
mittee, and Harold P. Fawcett of Arrangements. 

The meetings begin with a dinner, April 20th at 6:30, with greetings by Dean 
Donald P. Cottrell, College of Education, and Audio-Visual Aids in Teaching 
Mathematics by Edgar Dale, College of Education. At 10:00 a.m. on the 21st, 
Mathematics as it Functions in Agriculture, by Chester S. Hutchinson, Assistant 
Dean, College of Agriculture. At 12:15, at a lunch and business meeting, a con- 
stitution will be adopted and officers elected. At 2:00, Mathematics as it Functions 
in Industry, by Charles E. MacQuigg, Dean, College of Engineering, and Sal- 
vatore M. Marco, Professor of Mechanical Engineering. Discussion groups are 
arranged for each session. 

For further particulars address the secretary, Miss Ona Kraft, 11328 Euclid 
Avenue, Cleveland 6, Ohio. 


NEW HEALTH FILMS 


How the human body works and the reasoning behind the rules of health, are 
clearly and interestingly presented in a new series of discussional slidefilms en- 
titled Health Adventures, produced by The JAM HANDY Organization. Photo- 
graphed in full color, the Health Adventures series is designed for use in later ele- 
mentary and junior high school grades. 


The nine slidefilms in the series contain 526 large lighted pictures. The explana- 
tory text printed on the slidefilms is concise, simple and direct. The units stimu- 
late student participation, and readily may be integrated with health charts, 
textbooks and activities. 


The slidefilms bring health closer to the child’s interests, showing students 
how the human body works and why health rules should be obeyed. Like any 
other rules, health rules are more eagerly followed when we know why and how 
we should follow them. 


IN QUEST OF TRUTH 


DANIEL B. Lioyp 
Wilson Teachers College, Washington, D. C. 


A historical pageant portraying mankind’s quest for true knowl- 
edge. The substance of the play is authentic, with minor adaptation 
for smooth running. Part I alone may be rendered for a short pro- 
gram, about 20 minutes. This part is particularly suitable for Junior 
High School. The playing time for both parts is about 40 minutes, 
and is suitable for high school, college, or adult audiences. 


CHARACTERS 


King Mathematics, sovereign of the land of knowledge, who has 
devoted all his energy to the exploration and development of his 
provinces. 

Truth, his daughter, sought by all the worthy subjects of Mathe- 
matics. 

Zero, the court jester, who means nothing. 

the King’s attendants and advisors; dressed alike, ex- 
Number | cept that the former has large numbers written over 
and Forms his suit, the latter has geometric figures. (Cf. Teedle- 
dum and Teedledee.) 

Pilgrims to the Court, in quest of Truth: 

Superstition, dealer in spirits and omens; dressed as a witch. 
Astrology, watcher of the skies; carries spy-glass. 
Soothsayer, the crystal-gazer. 

Custom, a very straight-laced individual. 

Tradition, the bearded old fogy. 

Thales, and two other Wise Men of ancient Greece. 
Pythagoras, Aristotle, Socrates, Plato. 

Zeno, the Sophist. 

The Oracle; Archimedes. 

Ptolemy, Copernicus, Galileo, Kepler, Martin Luther. 
Cardinal Baronius, John Calvin, Blaise Pascal. 
Descartes, Fermat, John Milton. 

Newton, Leibnitz, Cavendish, Halley. 

Several 18th and 19th century Scientists. 

Einstein, Eddington, Michelson, Morley. 


Part I 
ScENE: Royal palace of King Mathematics. 


The King, with his attendants, Form and Number, are awaiting the 
arrival of his subjects who are expected to pay homage, and seek the 
approbation of his delightful daughter, Truth. 
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Kinc: Where is Truth? I am always seeking her. I am continually 
working to advance her. Yet throughout my kingdom there are 
those who are blind to my power and who would pervert her. 

ZERO: (humorously) Your majesty, Truth may be suppressed but 
not strangled. 

Form: Your majesty, pilgrims from afar are waiting outside. Will 
you have them? 

KincG: Wishing to beguile me? Or pay me homage and respect? Let 
them face Truth; then they can understand me better. I am so 
often misunderstood. 

NumBeErR: Aye, and neglected, sir. 

Kino: Truth will out. Seek ye Truth! 

ZERO: Aye, sir, Truth, the whole Truth and nothing but the Truth! 
(trots off stage chanting) 

Enter Truth, in spotlight, taking place at side and slightly to rear of 
King. 

KING: (bowing) Ah, sooner or later Truth comes to light. 

Form: Your Majesty, here entereth some wandering pilgrims from 
afar,—Superstition, Soothsayer, and Astrology. 

Kino: Let them seek the light. Whom bringest you, Superstition? 

SUPERSTITION: Soothsayer, who gazes in the crystal ball to tell you 
everything, your Majesty. (The latter kneels with crystal before his 
eyes, near King.) Also we have: Astrology, learned man of the stars, 
tells you what the stars have in store for you and how they control 
your every act, sir. (Astrology advances and gazes at heavens, 
through spy-glass, hand shading eyes.) 

ZERO: (mimicking and gazing up also) Well, Astro, is it going to rain? 

SUPERSTITION: (glowering) Why, good for nothing Zero, don’t you 
know it rains only when a frog croaks? 

Trutu: (hands to ears, shakes head disgustedly). 

ZERO: O.K., Superman, it’s nothing to me. 

Astro: The stars like lamps are held in the sky by strong ropes. The 
stars fix and foretell the course of human affairs. Each morning, the 
earth, a sleeping princess,:is awakened by the kiss of the sun- 
prince. 

Form: What, pray thee, supports the sky? 

Astro: Four high mountain peaks support this great canopy. 

Form: What then supports the peaks and this whole earth? 

Astro: The earth is a circular disc floating on water, eternal water, 
from which all things are made. 

SuPER: (arm up) My wise men say a giant holds it up, that he stands 
on the back of a turtle— 

NuMBER: Who, in turn, stands on what? 

SuPER: On the back of an elephant— 
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NuMBER: (arm up, mimicking) Who, in turn, stands on what? 

SuPER: —On nothing, sir, but whose legs reach all the way down! 
(Bends legs, dramatically, all others imitating, and staring at Super.) 

(Truth holds head and weeps.) 

KiNG: (angrily) Pretend ye to come here, yet, knowing me no better 
than this, feign your interest in Truth,—and thus put her to shame. 
Away! Go ye! Explore my kingdom, learn of my tools and proc- 
esses, and return some thousand years hence, wiser with time and 
civilized progress! 

(They depart snappily. Enter Custom and Tradition) 
You, Custom, and you, Tradition, I respect you and want my 
people to follow you for what you have that is good. In everyday 
matters of hand and heart, we love thee. Stay near to my court; 
progress, and learn more of my ways. (Pause) Who cometh? 

Form: Wise men from Greece, your majesty,—and Thales, wisest of 
these. 

(Enter Thales and two other Wise Men) 

NuMBER: He predicted the eclipse of the sun of 585 B.C. 

KiNG: Excellent, I hear you and your sons have been working in my 
Province of Geometry, one of the most fertile areas. You have 
done much to bring order out of chaos there. 

TuaLes: Noble King, you flatter me. My young friend Euclid has 
been the brilliant organizer of that province. He has systematized 
geometry so well, it will likely remain unchanged for thousands of 
years. We acquired it from the Egyptians in very primitive form 
and have developed it by deductive reasoning. 

Kinc: Who are your followers? 

THALES: Pythagoras and Aristotle. 

PytHAGorAs: Noting the rising and setting of the Sun, sir, and bi- 
secting the angle between those points, we have a north and south 
line, and stretching this magic rope over the lengths 3, 4, 5 (dem- 
onstrates it), a right angle is formed which faces the east; thus your 
temple is oriented to please the gods, and quell the wrath of mighty 
Zeus. 

ZERO: (taking it, and maneuvering it with wonder) Well, I'll be hanged! 

Pytu: Your majesty, I come to announce the earth is a sphere rotat- 
ing on an axis, not its own axis, however, but balanced by a 
counter-earth out in space,—like a stone on the end of a string. 

Form: There is confusion in the kingdom as to the difference between 
mind and matter. What is mind? and what is matter? 

ZERO: (interrupting) I can solve your problem, gentlemen, in zero 
flat: 


“What is matter? Never mind! 
What is mind? No matter!”’ 
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NuMBER: That’s just Zero. He means nothing. 

Form: Zero, keep in your place. Get behind the decimal point. 

ARISTOTLE: All matter is composed of water, earth, air and fire. 
Liquids are almost all water. 

PytH: Ultimate reality is not in matter, but in form and number. All 
reality is in numbers and their relations. Number rules the uni- 
verse. 

ForM AND NuMBER: (jumping forward) Aye, aye! He speaks our 
language. 

Kino: I predict that the future development of science depends on 
them both,—Form and Number. 

PytuH: Before leaving, sir, I would like to recommend one thing for 
your kingdom. 

KiNG: Speak! 

Pytu: I would suggest that the kingdom of knowledge be divided 
into four provinces, Geometry, Arithmetic, Music, and Astronomy. 
(the quadrivium.) (King hails him; he steps aside.) 

KiNG: Some day my growing Kingdom will comprise many more 
provinces, far beyond these. 

Form: Here come Socrates and Plato. 

(They enter to center stage, arguing in syllogisms.) 

NuMBER: They know us not, sir. 

KiNG: They are metaphysicists: they do much to add to clear think- 
ing on which our language is built. Do not overlook their deductive 
reasoning on which I lean heavily. I owe as much to them as they 
to me. 

SocrATEsS: The king has just appointed Evictus as tax collector. 
What do you think of him? 

Prato: Far better than the last one, Liquidatus, who was a drunkard. 

ARISTOTLE: If a man is a drunkard, he does not deserve the job. 
Evictus is not a drunkard; therefore he deserves the job. 

Prato: Your syllogism is false since no conclusion can ensue from 
two negative premises. 

ARISTOTLE: Also, he is a well known political leader from Marathon. 

SocraTEs: Yea—some political leaders are not honest men. He is a 
political leader; therefore, he is not an honest man. 

PLaTo: Again, your reasoning is faulty. In a syllogism, the middle 
term must be the subject of a universal proposition. 

ArIsTOTLE: Hark, here comes Zeno, the Sophist. He has no use for 
King Mathematics. I look for trouble. 

Prato: Let’s stand aside. 

ZENO: (enters with tortoise over shoulder; sneering) Ah, great logicians 
you! Men of syllogistic logic! Men love to be humbugged. You are 
men. Therefore, you love to be humbugged. Gentlemen, I can 
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prove by your own reasoning that nothing in the world can move. 
How? (Sits on his cane, and gesticulates.) Well, if motion is possible, 
a body must move either in the place where it is, or in a place where 
it is not. But a body cannot move where it is and it certainly cannot 
move where it is not. Therefore, motion is impossible. 

KING: (gesticulating) This is an outrage. 

(Truth, hands to face, horror-stricken.) 

Zero: Zeno, I am Zero. I thought you would know me. 

ZENO: You are nothing to me. 

ZERO: You should know about me. You seem to know more about 
nothing than anyone I’ve heard for a long time. 

ZENO: What is your mathematical function? 

ZERO: I have a new job in the King’s number system. I fill in the 
empty columns when the other numbers move out. 

ZENO: That’s not hard. 

Zero: No, there’s nothing to it. Yet, no one else can do it. The King 
says he’s waited a thousand years for me to come along. It now 
gives him an ideal number system. 

Kino: Again, let us not argue in circles,—nor in straight lines, if we 
know not where they lead. Tell me this: what makes us see? 

(Enter the Oracle.) 

Pyru: Light is an all-pervading substance of colorless purity. And 
from it particles are projected into the eye. 

Prato: (doggedly) Something is also emitted from the eye! 

ORACLE: It is by the will of the Gods that we see by day, and not by 
night. The earth is a princess that sleeps by night, protected by the 
Gods. Aroused each day by the Sun Prince who kisses her at dawn, 
it is then the Gods’ will that we see again. 

Kinc: This argument on light will continue for thousands of years 
and keep our scientists puzzled,—who knows how long? 

Form: Hark, here comes Archimedes. 

ARCHIMEDES: (rushing on stage, dishabile, carrying jar of water, with 
King’s crown immersed) Eureka, I have found it! 

KiNG: Found what? 

ARCHIMEDES: See! Your new crown, sir; it is not pure gold! I weighed 
it in air, and I weighed it in water. Dividing its weight by its 
volume, thus I found, its density. Comparing this with a known vol- 
ume of pure gold, I detected the difference. 

Kino: Ah! Bring me that deceitful goldsmith. Tell my soldiers to put 
him in chains and throw him into the slaves’ dungeon. 

Form and NuMBER: Aye, aye, your majesty. 

(Enter Ptolemy and Copernicus, talking, followed by Kepler.) 

ArIsTtoTLe: Ah, Copernicus, believe me well: for all things there is an 


| 


280 SCHOOL SCIENCE AND MATHEMATICS 


absolute up and absolute down. Up is the natural place for light 
things and down the natural place for heavy things. 

Copernicus: No, no, Aristotle! there is no absolute up nor down, 
but only an up and down for each planet. Weight, or gravity, is a 
natural tendency which causes all matter to come together in the 
form of spheres. What say you, Ptolemy? 

Protemy: I have devised a very complete and complicated solution 
for the entire heavens, which shows the planets moving in cycles 
and epicycles as the stars move westward in one great sphere. 

Copernicus: No, Ptolemy, all the stars are fixed; but the planets re- 
volve about the Sun, the earth along with the rest. 

ProLeMy: Dear Copernicus, it is impossible! A moving earth would 
fly to pieces, throwing off all manner of loose things, and hence 
destroy itself. 

CoPERNICcus: But Ptolemy, a moving sky, as you propose, would do 
so even more, since it is larger in circumference and if it revolves, 
would move faster. (Turns to King.) King Mathematics, you love 
simplicity; so, what could be simpler and more harmonious than 
my theory. It has no complicated cycles and epicycles in which the 
heavenly bodies would move, as my famous predecessor Ptolemy 
claims. 

(Enter aside, Martin Luther, John Calvin, Cardinal Baronius.) 
Kine: It is indeed simple and regular. What say you Martin Luther? 
LuTHER: This is revolutionary; and yet the Bible states that Joshua 

made the sun stand still, and not the earth. What do you say, John 
Calvin? 

CaLvINn: The 93rd Psalm says ‘‘The world also is established, that it 
cannot be moved.’ So who will venture to place the authority of 
Copernicus above that of the Holy Bible? 

CARDINAL Barontvs: “The Bible was intended to teach us how to go 
to Heaven, not how the heavens go.”’ 

KiNG: The entire universe is now understood to be one great mathe- 
matical system. What say you, John Kepler? 

KEPLER: I have computed mathematically that the planets travel in 
paths which are ellipses, with the Sun at one focus. I have attested 
it as true in my deepest soul, and I contemplate its beauty with 
incredible and ravishing delight. God has created the world in ac- 
cordance with the principle of perfect number so that the under- 
lying harmony, the music of the spheres, is the real cause of the 
motion of planets. The sun may be likened to God The Father, the 
sphere of the fixed stars to God the Son, and the intervening ether 
through which the Sun impels the planets to God the Holy Ghost! 

KiNG: Excellent! Who cometh here? 

(Enter Pascal and Milton.) 
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NuMBER: Blaise Pascal and John Milton. 

Kinc: Ah, Welcome! To both of you we are much indebted. What 
have you there? 

PascaL: Sir, the first adding machine. 

Kine: Ah, you have started something. I predict a great future for 
computing machines. (pause) Oh, by the way, have you heard from 
my friend, Galileo? 

Mitton: I have just visited him in Italy, he sends his regrets that he 
cannot pay you homage in person. He has been imprisoned and 
will probably remain there for a long time. Though not permitted 
to publish his own book, it was published for him by friends in 
Holland. I bring you here a copy. (Hands it to King.) 

Kinc: Ah “Dialogues on Two New Sciences.”’ 

Mitton: Yes, it tells of his remarkable discoveries, which, however, 
are quite unpopular in Italy. He had been so bold as to say that the 
earth revolves about the sun. 

PascaL: No human decree will prove the earth remains at rest; and 
if we have constant observations to prove that it does turn, not all 
the people in the world could stop it, nor could they stop them- 
selves from turning with it. 

MiLTon: Galileo also invented a thermometer, by which we may 
determine the temperature at any time or place. 

Trutu: I hear also of a telescope he has made to view the distant 
heavens, and that it magnifies an object 30 times. With it he has 
viewed the Milky Way and finds it to be composed of innumerable 
stars. And, what do you suppose? He says that the Moon’s face is 
not flat and smooth at all. It is covered with many mountains and 
valleys! 

Kinc: (as scientists, below, cross stage) Ah, I am encouraged. My 
subjects are learning to use my implements. I predict swift prog- 
ress in the exploration of all areas of my Kingdom in the near 
future. My power and influence will become enormously great. 

(If Part IT is not used, the play should now conclude with the finale, 
beginning with asterisk(**), near end of Part IT.) 


Part II 


Descartes and Fermat: Cross stage, deposit gifts, and pass on. 
DEscraTEs and FERMar: (dramatically) We come to prepare the way 
for Isaac Newton! 
(Enter Sir Isaac Newton, Kepler, Leibnitz, Cavendish, Halley, at 
other side of stage.) 
Kino: Ah, Sir Isaac Newton! 
NEWTON: (bowing) Learned King, I have worshipped you since my 
first days at Cambridge. 
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KiNG: My friend Voltaire has written to me about you. 

KEPLER: Your majesty—Sir Isaac Newton has converted me from 
astrology. He has shown me the difference between mass and weight 
which have bothered me many years. 

NEWTON: Majesty, by the aid of your tools, and the contemplation of 
my most thoughtful moments,—I bring you,—this book—‘‘Prin- 
cipia.”’ (Bowing and presenting it.) 

Krnc: Ah, “Principia Mathematicae Philosophiae.”’ Lagrange has 
told me “Principia is the greatest production of the human mind; 
for there is but one universe, and it can happen to but one man in 
the world’s history to be the interpreter of its laws.” 

Newron: If I have been able to see farther than other men it is only 
because I have stood on the shoulders of giants,—-giants who have 
preceded me. Experiment is the mother of certainty. As a boy, I 
watched an apple fall and determined then to find out why it fell. 

Form: Herr Leibnitz wishes to speak. (Signals for him to speak.) 

LEIBNITz: Sir Isaac Newton has no explanation for his Law of Gravi- 
tation. (Is hushed; causes flurry.) 

Kno: (clears throat) Sir Isaac, can you explain the underlying causes 
of Gravitation and your Laws of Motion? 

NEwrTon: No, your majesty, I only aim to report the truth through 
accurate observation, though the causes remain obscure. God 
alone holds the key to many secrets. 

CAVENDISH: Your majesty, I measured his gravitation constant by 
two balls suspended on a torsion pendulum, and found it to be 
correct. 

Form: What about Halley’s comet? 

Kinc: What say you Edmund Halley, for whom that bright comet 
is named? 

HALiey: Every 76 years my comet returns exactly in accord with 
Newton’s Law of Gravitation. 

NeEwrTon: Also, my equations show where will be the moon among 
the stars at any time of night or day. 

TruTH: Sir Isaac, you are just wonderful! 

Newron: I am only as a boy picking up pebbles on the vast seashore 
of knowledge. 

KiNG: What have you there, a mirror? 

NEWTON: (reflecting light with mirror) Aye, light travels in straight 
lines and is thus reflected from a surface. It travels in waves 
through a substance called ether which fills all space. 

The most beautiful system of the Sun and Planets could only 
proceed from the counsel of an intelligent and powerful being; God 
endures forever and is everywhere present; and, by existing always 
and everywhere, he constitutes duration and space. 
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Scientists following Newton, with their gifts, pass through, one by 
one, announced, by Number; each presenting an appropriate gift: 


HUYGENS: Cycloid Model 

MOSELEY: Periodic Table of Chemical Elements 
PASTEUR: Sterilization 

MMe. CurIE: Radium 

MENDEL: Laws of Heredity 

Joun Educational Philosophy 

DARWIN: Origin of Species 

FRAULEIN MEITNER: Atomic Fission 

LEONARDO DE VINCI: The lever 


(Einstein enters and approaches King.) 

ErnsTEIN: My noble king, I can use your own implements to show 
you are wrong in accepting Isaac Newton as your idol. He is wrong 
when he says there is an ether which brings us our light and 
through which all matter moves; for if so we would be moving 
eastward through the ether stream at all times and light would 
travel north and south faster than it does east and west. 

TrutH: Why is that, Father? 

Kinc: Loved one, my formulas show that an object moving in a 
stream, such as a swimmer in a river, swims faster across the river 
and back again than he does an equal distance down the river and 
back. 

TrutH: Unbelievable, father, but you are never wrong. 

ErnstTEIn: And yet, sir, the velocity of light I know is constant. 

Kino: If we are not drifting through the ether, let us have proof of it, 
I want it verified. Bring to me my good physicists—Michelson and 
Morley. (They appear.) I say—find out if the speed of light is the 
same in a north and south direction as it is east and west. 

M&M: Very good, sir—(aside stage they adjust beam of light on mirror 
in N-S & E-W directions). 

EINSTEIN: Furthermore, sir, my friend Kauffman has weighed small 
Beta particles shot off by exploding radioactive atoms by watching 
their deflection in an electro-magnetic field. He finds they agree 
with my Relativity Theory and not with Newton’s theory of 
gravitation. The increase in their mass is what I predicted for any 
object moving at high speed. Think of a bullet moving at high 
speed: It gets heavier as it goes faster and if it were to go with the 
speed of light its weight would be infinitely great. No object can 
move faster than light, but even if it went 150,000 miles per second 
it would double its weight. 

(Light Flash & Sound) 


Kinc: Unbelievable! 
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EINSTEIN: And, also, it would be only one-half as long while traveling 
at that speed. 

Kino: Astounding! 

TrutHu: Sire, has he checked his answers? 

i tnc: He is probably the only living man who can. Yes, they are my 
formulas and they are right. 

ErnsTEIN: Length, time, and mass are not absolute quantities; they 
vary according to the relative motion of the observer. They are 
only mental ideas. 

M&M: Sir, Einstein is right, the speed of light is constant; both east 
and west, and north and south. 

EINSTEIN: Moreover, there is no such thing as gravitation pulling 
objects toward the earth. Things do not fall, they merely trace 
their natural mathematical curve in a curved region of space-time. 

Krnc: It is not necessary to verify mathematics experimentally, but 
for those of you who must see and feel in order to know, let me 
suggest this: My Nautical Almanac here says that in two minutes 
there will be an eclipse of the sun. As you have faith in your king, 
you know that his predictions never fail. At the precise moment 
that I have predicted, we shall be in darkness. My Royal Astrono- 
mer, Professor Eddington, will now prepare to view the edge of the 
sun’s disc. There he will see a star, appearing to be displaced, due to 
its light coming to us, passing so near the sun,—being deflected by 
the presence of the sun. (Eddington adjusts telescope. Darkness 
begins.) According to Newton, the deflection should be an arc of 
0.87 second; (Complete darkness.) I have checked over Einstein’s 
equations and find no error in them. I predict the star’s position 
will agree with Einstein’s calculation of 1.74 seconds of arc. ( Pause.) 
What say you now, Royal Astronomer? 

EppINGTON: Your honor, it is 1.74 seconds. 

KinG: Good, good, my worthy subject. Albert Einstein at first you 
were thought to be a rebel, a heretic, a disbeliever of Euclid and 
Newton. Now you are known to be an evangel of truth, my best 
interpreter and explorer of the innermost depths of our Kingdom 
of knowledge. Albert Einstein, I commend you and accept your 
Theory of Relativity as a worthy application of my tools and 
processes. You have had abiding faith in me, no matter how 
astounding the results achieved. You are an honor to my cause. 

ErnsTEIN: Also, your majesty, I have recently discovered by your 
equations that a// energy,—electrical, magnetic, and gravitational, 
are related in accordance with one general mathematical law. 

KiNG: I see I have been too hasty in yielding the guardianship of my 
beloved Truth. To no one person alone does Truth belong. As my 
friend William Shakespeare once said, ‘‘All men naturally have 
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some love of Truth.” She will remain as my guiding light. I will 
work constantly toward making her rule supreme. Truth must be 
known to all. (Soft music begins and entire cast assembles gradually 
for finale.) 

You Scientists have travelled far in search of Truth. You have 
shown by your efforts that you are worthy of my best assistance. 
The resources of my kingdom are at your disposal. Use them well. 

I place into your hands equations, formulas, diagrams, curves, 
and functions. Adapt them to your needs. I have looked well to the 
future in providing you many tools. Some of them are as yet un- 
used. They are for you, now and forever. 

It appears that God has builded nature along purely mathe- 
matical lines, and has made the human mind such that it might 
discover a few of her secrets, only after strenuous mathematical 
study. 

Each of you has helped in moulding a true model of nature as 
you see it. Do not think that this man-made model of nature is 
reality, but instead that reality lies beneath it. Use my processes 
and implements; continue remodeling, and perfecting your knowl- 
edge. By perfection alone will you attain Truth. 

Throughout this universe there is but one universal language, 
and that is mine. My language is known wherever men gather and 
wherever men think. It says more in fewer words than any lan- 
guage known. It is my language and it is the language of Truth. 

(Music tempo quickens.) 

Trutu: “Aye, father, It will always be the language of Truth! Seek 
ye the Truth, and (the) Truth shall make you free. Learn ye well 
the language of my father and ye shall inherit his kingdom—the 
Kingdom of Knowledge. 

(Music, crescendo.) 

Voices: May Truth Forever prevail! 

Long live the King! 
Hail! Hail! Hail! 
CURTAIN 


A NEW FILM ON POND LIFE 


Plant and animal life found in an ordinary pond and the dependence of these 
living things upon one another to maintain a balanced life in their environment 
is illustrated in a new one reel science educational motion picture POND LIFE, 
released by Encyclopaedia Britannica Films. 

By revealing the daily activities of the inhabitants of the pool, POND LIFE 
serves both as a nature study lesson, identifying certain animals and plants, and 
as an illustration of the perpetual cycle of life which is a result of the ecological 
pattern existing in the organized pond community. 


ALTERNATE FORMULAS FOR FIRST, SECOND 
AND OTHER MOMENTS OF AN AREA 
J. Ray HANNA 
University of Wichita, Wichita, Kansas 


The problem of computing a moment of area or a first moment 
(uz) with respect to an axis OX is commonly determined by one of 
two processes which may be expressed by the formulas 


b 
(1) = f yiyadx 
or 
B(z) 
(2) = f ydydx. 
a A(z) 


x< 


ora 


Referring to the accompanying figure, y; is the distance from OX to 
the centroid of the (shaded) strip, ya is the length of the (shaded) 
strip, and y is the distance from OX to the rectangular element (black 
area). The moment of area for the rectangular (black) element is 
y Ay Ax. For such a (shaded) strip y:=[B(«)+ A («)]/2 and ya= B(x) 
—A(zx). 
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If the distance 4, is used as defined above, the moment of area may 
be expressed by an alternative iterated integral 


b B(x) 
(3) 
a A(z) 


By substituting the value of ;, (3) may be written . 
Bis) B(x tA x 

(4) w= f dydx. 
A 


(zx) 


Integrating, (2) is equal to 
a 2 


(5) 


Likewise, (4) is equal to 


6) B(x) +A (x) 


[B(x) — A(x) 


2 


By substituting values of y, and yin (1) we find that the result is the 
same as that obtained in (5) and (6). Hence (3) has the same value 
as (1) and (2). 
Moment of inertia of an area or asecond moment (24,) with respect ' 
to an axis OX is commonly determined by the iterated integral 


b B(z) 
(7) f f y*dydx. 
a A(z) 


It may be shown by a process similar to that already used that 


b B(z) 
(8) = f 
a A(z) 


In this case y. is the distance from OX that may be described as the 
radius of gyration for the (shaded) strip. For such a strip 


By substituting the value of y2 in (8) we may write 


A(z) 3 


(9) 


In a similar manner, the mth moment of an area (,u2) with respect 
to an axis OX may be determined by the%formula 
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B(x) 
(10) nite = f f y"dydx. 
a A(z) 


It can also be shown that 


b B(z) 
(11) nbz = f f ¥n"dydx. 
a A(z) 


In this case y,, defined in a manner analogous to the radius of gyra- 
tion, is the distance from OX such that if all mth moments of the 
small (black) elements in any given strip were summed the result 
would be the same as that obtained by multiplying the area of the 
strip by the mth power of the distance y,. For such a (shaded) strip 


n+1 
By substituting the value of y, in (11) the integral becomes 
[B (2) [B(2) (2) + 


b B(x) B A jn—1 A -\ | 
a A(z) n+1 


Although the alternative formulas (4), (9), and (12) appear more 
complicated than the others, in some cases the use of these alterna- | 
tive formulas in computation of moments may suggest simplifications. 

The reader might compare computation of the moment of area (a) 
bounded by y=cos? x, y=sin? x, between x=0 and x=7/4, or (b) 
bounded by y=2*®—2x—3 and y=2x—3, using formulas (2) and (4). 


ILLINOIS STATE NORMAL UNIVERSITY 


CONFERENCE ON THE TEACHING OF ELEMENTARY AND SECONDARY 
SCHOOL MATHEMATICS 
SATURDAY, AprIL 14, 1951 
9:00 A.m.—3:00 P.M. 
Principal Speakers: 
Secondary: Professor E. H. C. Hildebrandt of Northwestern University 
Elementary: Professor H. G. Wheat of the University of West Virginia 


Sectional meetings for both elementary and secondary teachers. 
T. E. Rive, Chairman ISNU 
Mathematics Conference 


Julius Sumner Miller, our physics editor, has received an invitation to teach 
a course in Analytical Mechanics at the University of Alberta, Edmonton, Al- 
berta, Canada, during the Summer Session 1951. 


BASIC SCIENCE AND THE STUDENT* 


JAMEs A. REYNIERS 
University of Notre Dame, Notre Dame, Indiana 


The subject which forms the basis for this talk is particularly 
apropos because as science and mathematics teachers you hold in 
your hands the formation of the scientists of tomorrow. It is particu- 
larly important that at the secondary school level imagination and 
the desire to think about science be moulded. 

Basic science or as it has often been called “‘pure science’’ has been 
likened to an exploration into the unknown. This is essentially a 
useful definition because it involves the one thing which should 
characterize basic science and that is the spirit of adventure. The 
motivation for adventure is curiosity and a strong desire for freedom 
to satisfy this. 

Today there is a systematic attack on the value of pure science to 
society by those who see in science only the means to satisfy material 
needs. For those who think this way, science has no other right to 
existence and it must be forced to this end either by dogma or govern- 
ment action. For such there is no liberalism—no freedom—no escape 
into the realm of pure ideas unless it is toward a pragmatic end. The 
basis upon which this attack rests is fear; fear of national danger; 
fear of disease; fear of want; fear of a change in the status quo. Often 
this fear, deliberately engendered, is simply a disguise covering the 
desire for power by some groups and it is played upon accordingly. 

The final objective of science can be nothing less than a search for 
truth. This carries with it the right to inquire into everything in the 
light of reason. It does not imply that reason is an absolute value or 
an end in itself, it only means that the right to inquire through reason 
is inherent in scientific inquiry. Neither does this demand repudiation 
of authority any more than it does oppression by authority. Reason 
and authority simply form the framework within which science is 
constituted and the framework is elastic at best. 

It must be obvious to any clear thinking individual that science is 
but one path to the truth—there are many other paths; ethical, ar- 
tistic, theological, philosophical, etc. Each of these divisions of knowl- 
edge carry with them their own discipline and their own techniques. 
Each is integrated with the other and each carries an authority which 
is not given to the other but is itself bounded by the discipline which 
contains it. It is at the boundaries of integration that confusion arises 
and often an attempt is made to make the boundaries rigid. In the 
true nature of things there are no rigid boundaries, only melded 


* Presented before the Biology Section of the CASMT at its “Golden Anniversary” Convention in Chicago, 
November 24, 1950. 
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areas like pools of color which, while they are pure in their centers, 
meld at their edges until they are lost in one another. It seems futile 
to attempt to separate the molecules which intermingle, and un- 
necessary if the fact itself is recognized for what it is, that each 
boundary is a zone and can be so defined and studied as such. Abso- 
lutism in science is a will-o-the-wisp, a succession of zeros behind a 
decimal point which stretches to infinity and nothingness. 

Even as science points to the truth it does not always follow reason 
alone but very often intuition. Reason can be trained to follow logic 
but intuition is a gift—unpredictable, brilliant and very scarce. It is 
borne of freedom and imagination, of dreams perhaps, which come 
from experience based on the body of fundamental knowledge repre- 
senting the real wealth of society. It cannot be forced but it can be 
fostered if we are taught to look for it and treasured if we are taught 
to value it. One of the ways to foster intuition in science is through 
research at a basic level. 

The desire to pursue the basic paths of scientific research is deeply 
rooted in the desire for freedom to think and explore these paths for 
the pure thrill of discovery. These paths lead to the last frontier over 
which men may pass and roam at will. With pride in freedom that is 
the heritage of Americans, there should be a tremendous stimulus to 
students, once their feet are placed on the path, and a real satisfaction 
in traveling it to knowledge. This is at its very best an individualistic 
matter—there only remains the understanding on the part of society 
to permit such expression of desires. 

There is danger confronting America and indeed the world today 
that we might lose all freedoms and particularly the freedom to con- 
duct basic research. It seems to me that part of this situation arises 
from intention and part by accident. Too often the young mind is 
instilled with a materialistic concept of science and an attempt is 
made to nuture it on the wonders of science as these represent some 
convenience or some human need. Thus the young student and also 
the general population is indoctrinated not only in the class room but 
in the nation’s press to this point of view. As long as society places a 
premium on applied science it follows that basic science will play a 
secondary role and be regarded as a luxury not a need. The fallacy in 
this situation lies in the fact that basic science is the well to which 
applied science must go. Moreover, unless there be a well of basic 
knowledge, science becomes repetitive. It may end up by creating 
monsters which society cannot control or in an artificiality which, in 
its final analysis is sterile. The creation of a machine does not mean 
that there is an understanding of how it should fit into society or 
indeed into the nature of things in which society must exist. It is 
exploration and understanding of the natural law and its underlying 
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consequences which constitutes the business of basic science. The 
knowledge derived from such exploration is the cornerstone upon 
which the structure of science is erected. Science must not interfere 
with human values and it cannot dictate them. It is not the master 
but only the servant. It has its place behind the throne of society, not 
on that throne. 

There is little point in trying to legislate basic research or to 
establish laws which permit it to be carried on unless there is a real 
desire on the part of society to see in such legislation a treasured need. 
The real foundation to insure basic research will always reside in the 
desire of the student who seeks to follow this path of science. The 
problem is to properly indoctrinate the student at an early level and 
to build a cadre which will serve society and at the same time teach 
it. The responsibility for this lies squarely on the shoulders of those 
of us who teach and is especially heavy on those of you engaged in 
secondary school education of science subjects. It requires first that 
we set our own minds at ease on the subject and then find expression 
for our convictions in examples which are interesting and intelligible 
to the student. It requires further that we satisfy ourselves on the 
true purpose of science. If this is done, the steps which follow are not 
difficult. The central idea is simply that science is important to man’s 
mind as well as his body and that this appeal to the intellect carries 
with it adventure and deep satisfaction. It is deeply personal and full 
of the joy of giving, not taking, for the results of basic science belong 
to all people for all time. Very often the results of applied research 
belong only to those who can afford it and for that period of time 
until a new improvement is made. 

The rewards of basic science must lie in the gratitude of people ex- 
pressed in respect and honor. They do not lie in material gains as may 
well be the case of those who follow applied fields. For those who work 
in pure science fields there is an apostolate which transcends any 
other motive—the apostolate of knowing and telling others of the 
order and beauty of nature. I am well aware that this may be regarded 
skeptically or as visionary and impractical but I offer no apology for 
what I believe to be a truth. Unless a fire burns deep in the indi- 
vidual for such an apostolate, there is no real drive. The objective of 
basic science is visionary and it is impractical. Were it otherwise, it 
would be applied science. There are many whose joy and business it 
is to weave pure ideas into useful things but there are few to dream. 

In this appeal to the mind it is well to point out that scientific re- 
search is no different than music or art or poetry, all of which can 
arouse emotions and stimulate the imagination. The best science is 
creative as can be said of the other disciplines. Creative science de- 
pends on intuition and upon all the other intangibles which an artist 
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may express in a painting or a creative musician may express in 
rendering a composition together with the techniques and logic which 
are a part of these disciplines. Thus science can satisfy the divine 
curiosity inherent in all men even though it finds expression differ- 
ently in the scientist, the poet, or the painter. There is then no isola- 
tion in basic science, but rather it is a part of society, not apart from 
it. It is a part of the culture of a people—the yearning to understand 
for the sheer joy of doing so. 

It is especially important that young students be shown that the 
need for basic science is just as great as it is for applied science. If 
they are taught through their early school years that the wonders of 
science reside entirely in the automobile, the electric light, atomic 
power, plastics or antibiotics, the net result will be a suppression of 
desire to follow the basic aspects of science simply to satisfy their own 
curiosity. It is sometimes difficult for a teacher to implement this by 
ready example, although examples are not lacking. It is much easier 
to point out the material wonders that science has created than it is 
to point out the wonder that science is. In this respect it seems to me 
that the mathematician is especially fortunate inasmuch as it is not 
difficult to show an interested student that mathematics can lead to 
such a thing as symbolic logic and from that into pure speculation. 
Moreover, the population as a whole has caught this, for while they 
may not understand they respect and so do not interfere with such 
efforts. 

Perhaps the mathematician has been fortunate because he usually 
has little material needs beyond a pencil, paper and a place to work. 
These things are generally available and because they cost so little, 
the freedom to think is not curtailed. The situation is not quite so 
clear for other branches of experimental science such as biology, 
physiology, chemistry or physics. Here expensive laboratories and 
apparatus are necessary and when they are made available they are 
usually tagged with material demands. Basic research is forced to 
squeeze out its existence in a corner—a necessary guest—respectable 
but not very glamorous. 

The tendency in this country to Sing a dollar sign on research and 
to demand payment received for effort expended in terms of material 
gains has led to some interesting situations. The large foundations set 
up for the study of a specific disease and drawing upon the public for 
financial support are placed squarely in a position of trying to satisfy 
public demand for a cure and at the same time scientific demand for 
basic information which is not available and is necessary before a cure 
can be effected. They are, in short, forced to support a certain amount 
of basic research under the cover of seeking a cure and to explain in 
this way to the public the expenditure of funds. The public thus 
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places itself in the position of directing research through its founda- 
tions by demanding concrete findings at a time when the systematic 
basic knowledge is not available. The foundations in turn have done 
the best they can, in many instances by supporting basic research and 
tagging it even though remotely, with the specific problem in which 
they are interested or in many instances by spreading funds over a 
wide area and a large number of applied projects in the gamble that 
one may turn up a lead to the information desired. The wisdom of a 
shotgun approach to research depends on how we regard a gamble 
but it always smacks of desperation. In those problems like cancer 
the shotgun approach seems a poor substitute for the more reasonable 
systematic development of necessary basic information. 

The error in all this lies in the fact that while each foundation and 
organization supports basic research, it does so within the boundaries, 
of the problem it wishes to attack. The resultant effect is that of ob- 
taining ‘specialized basic research”’ and a series of knowledge pools. 
It would be a better situation if, instead of ‘‘tagged”’ basic research, 
each supporting organization could face the need squarely and allot a 
certain percentage of available funds for the purpose. Such funds 
could then be given to an organization whose prime purpose would be 
to support basic research in whatever direction it might lead. Such a 
plan is not without objection, but it offers recognition to the need for 
supporting basic research without apology. 

One encouraging sign has been recognition by the government of 
the United States of the need for supporting basic research. The Na- 
tional Science Foundation Act passed by the 81st Congress and 
signed by President Truman is now Public Law 507. The act under 
which the National Science Foundation is set up reads ‘“To promote 
the progress of science; to advance the national health, prosperity, 
and welfare; to secure the National defense; and for other purposes.”’ 
The Foundation is authorized to: (1) develop and encourage the pur- 
suit of a national policy for the promotion of basic research and educa- 
tion in the sciences, (2) to initiate and support basic scientific research 
in the mathematical, physical, medical, biological, engineering and 
other sciences. . . . The Foundation is also authorized to support spe- 
cific research with respect to national defense, scholarships and fel- 
lowships, foster the exchange of scientific knowledge, evaluate re- 
search programs, establish special commissions, and to maintain a 
register of scientific and technical personnel. 

This is a broad law and it will be interesting to see how well the 
Foundation will be allowed to fulfill its destiny. In the final analysis, 
this rests in the people of the United States and how much they 
understand and value the need for basic research. If, in the demands 
of war, basic research is neglected because it is regarded as a luxury 
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and all attention is directed to applied research, the Foundation and 
the country will suffer. The need for exploration into new fields of 
science is greater today than it has ever been and this need will in- 
crease. While the country may expect great things from this Founda- 
tion, it must not expect immediate tangible and practical results. 
Explorations over new horizons and into new worlds demand prepara- 
tion even to set out, time to reach the horizon, and patience with the 
exploration. 

It would be well for all teachers to acquaint themselves with the 
National Foundation Act of 1950 if for no other reason than because, 
if properly carried out, it cannot help but to have a profound influ- 
ence on the student as well as many aspects of our society. The Act 
holds promise of calling students into basic scientific research who 
would otherwise go into applied fields. Thus a better balance may be 
set up for the future. 

Up to the present, those who have tried to follow basic research 
have been, with some exceptions, gravitated to the universities. Here 
they earn their living by teaching so that they may acquire the leisure 
to conduct their studies and use the facilities at hand. While this 
situation has improved, particularly with the expanding role of the 
university in the field of knowledge and with the construction of re- 
search institutes under their auspices, there is a threat in the offing. 
The financial situation being what it is, the universities have had to 
turn more and more for support of research to government and in- 
dustry. Such support has been freely given but it does not require 
much foresight to see that with a greater dependence on these sources, 
there can arise a tendency to emphasize applied research and so de- 
feat the purpose. This is especially true in times of stress due to a 
national emergency or a depression. The one defense against this is a 
public alerted to the need for such institutions and for freedom to 
conduct this research without material demands. Perhaps this is 
hoping for too much in the near future but as long as a few are firmly 
convinced and will express their opinions the situation is not hopeless. 
It is in the final analysis a matter of education, not so much of the 
adult whose thought processes have already been moulded but of the 
young student. If they are fired with the desire and have the drive to 
follow basic paths, their demands for recognition will constitute a 
potent force. 

What I have said is frankly an appeal for basic science. I believe 
that basic science and freedom go hand in hand and that its support 
is an index of the social level of a people as well as an insurance for the 
future. I feel just as strongly that the prime purpose of science is the 
search for truth as do the materialists who see in it only “‘practical”’ 
results. Unless we deny the principle of freedom completely—and I 
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am unwilling to do so—basic science has the right to existence. I do 
not see in it a license for denying authority nor do I believe that the 
freedom carries with it the principle of “science for science”’ sake. 
Basic science has an objective at all times as well as limits and obliga- 
tions. It is not a mere irresponsible wandering as it has been pointed 
out to be by skeptics but the direction it takes must be prompted by 
the individual scientist and guided by the principles inherent in the 
field of science in which he works. It cannot be directed by central 
authority nor by material demands because such limitations are not 
in the nature of exploration into new areas of knowledge but rather 
a closer scrutiny of already explored areas. 

The main problem ahead lies in the education and training of the 
student. If we always place before him examples of applied science 
and attach a premium to these we can only expect him to reach for 
material values. If it is made clear that science can appeal to the 
mind as well as the body a proper balance may be obtained. He can- 
not be promised material rewards for his efforts in basic science but 
he should know that he will be given respect and freedom to follow 
his bent. | am sure from some twenty years of teaching and basic re- 
search that students can be fired with enthusiasm in which sacrifice 
and hard work are their own rewards. I know this because I have only 
to look rather fondly at the group I have gathered around myself at 
Lobund Institute over the years. I think the same fire burns in them 
today as it did when they were young students and elected to follow 
their bent. The spirit of adventure which brought them together 
many years ago when there was but a small room in which a few 
churn jars comprised the equipment exists as strong to-day in Lobund 
Institute with its fine buildings and equipment. In a sense they built 
this institute so that they might follow new paths of basic science 
into the unchartered world of germ-free life. It seems to me that this 
country is the richer for such a group and they the happier because of 
the freedom they have had to dream and build. 

“The scientist,’ says Henri Poincaré, ‘‘does not study nature be- 
cause it is useful; he studies it because he delights in it and he delights 
in it because it is beautiful.” Perhaps this is your message to your 
students. 


Locking handle for casement windows is designed for placement in a position 
where it does not injure venetian blinds during raising or lowering while the 
handle is in open position. It is an ornamental device for which a maximum 
clearance of only 1.75 inches is required in wide open position. 
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MODEL FOR INTRODUCING TRIGONOMETRY 
ON NINTH GRADE LEVEL 


ETHEL L. GROVE AND Ewart L. GROVE 
University of Alabama 


AND 


CHARLES E. Scott 
Cleveland, Ohio 


I. Construction 
A. Materials 
1. One rectangle of very stiff cardboard (or of plywood or 
Masonite if available) approximately 15” X 20". 
2. One stiff transparent plastic ruler with black center line 
parallel to the scaled edge. 


Trigonometry on Ninth Grade Level 


3. One }” bolt (length depending on materials used) with nut 
and washers. 
4. Tape measure, approximately 15” in length. 
5. Small weight or plumb bob. 
6. Small paper or cardboard protractor. 
x, Sharp knife, paper fastener, India ink, and pen. 
B. Steps in Construction 
1. Draw two straight lines intersecting at right angles at a 


point O about 5” from the left and bottom of the model. 
2. Glue the protractor on the horizontal line with the center at 
O. 


296 


MODEL FOR INTRODUCING TRIGONOMETRY 297 


3. Cut a slot }” wide along, and above, the horizontal line ex- 
tending about 10” to the right of O. Mark off inches, half 
inches, and quarter inches on the lower edge of the slot. 
4. Drill }” holes on the center line of the ruler 1” from either 
end and at two or three other points between these end 
points. (If a stiff ruler is not available a lucite bar similarly 
scaled or with scale and center line attached with Scotch : 
tape may be used.) 
5. Bolt one end of the ruler to the model at O so that the 
center line falls along the vertical line. 
6. Fasten the zero end of the tape measure to the other end of 
the ruler with a paper fastener through one of the holes 
drilled in Step 4. 
7. Insert the tape measure through the slot and attach the 
plumb bob to the lower end of the tape. 
8. Letter the ruler, tape, and horizontal line r, 0, and a 
respectively. 


II. Use 

A. With this model the basic concepts of trigonometry as an ap- 
plication of ratio can be introduced on the ninth grade level 
without the use of extensive tables. When the ruler “‘r’”’ is 
rotated through any angle in the first quadrant, if the paper 
fastener at “‘A”’ is loose enough to turn freely, the plumb bob 
will keep the tape at right angles to line “‘a.’’ (If the tape sticks 
on the edge of the slot either tilt the top of the model back a 
little or bevel the edges of the slot.) 

1. Set “r’’ for any given angle on the protractor and deter- 
mine the ratio of the sides by reading the length of sides of 
the triangle formed. 

2. Set “‘r’’ so that the sides are in any given ratio and read the 
angle formed from the protractor. 

3. Attach the tape through other holes in “‘r’’ to demonstrate 
that the ratio of the sides for any given angle remains con- 
stant. 

B. The letters suggested on this model are used in an attempt to 
introduce trigonometry in such a way that there will be a 
minimum of confusion in more advanced work in applying the 
terminology of the first quadrant to angles greater than 90°. 
At the ninth grade level, side ‘‘o’’ is the side opposite the 
given angle; side ‘“‘a’’ is the side adjacent to the given angle; 


= and ‘‘r’” is the side opposite the right angle. Carrying this 
| terminology over into work with rectangular coordinates in 
t | more advanced courses, side ‘‘o’”’ becomes the ordinate; side 


“a,” the abscissa; and “‘r’’ the radius vector. 


MODEL SHOWING DERIVATION OF THE FORMULA 
FOR THE AREA OF A TRAPEZOID 


ETHEL L. GROVE 
311 B Cedarcrest A partments, Tuscaloosa, Alabama 


I. Construction 
A. Materials 
1. One rectangle of stiff cardboard approximately 15” X 20”. 
2. One rectangle of colored cardboard approximately 
11". 
3. Glue, paper fasteners, India ink, and pen. 
B. Steps in Construction 
1. In the center left portion of the large rectangle construct 
a general trapezoid A BCD with diagonal AC. (The trape- 
zoid in the illustration has bases of 11” and 5” and an 
altitude of 6”.) 


Area of a Trapezoid 


2. Extend the base lines of trapezoid ABCD to within 1” ot 
the right-hand edge of the cardboard, and label the dis- 
tance between them as ‘‘h.”’ 

3. From the colored rectangle cut a trapezoid congruent to 
ABCD and divide it into AABC and ACD. (If colored 
cardboard is not available, shade these triangles.) 

4. Glue AABC on the corresponding portion of trapezoid 
ABCD and indicate its altitude as “‘h” also. 

5. Lay the colored AADC on the model so that DC falls on 
AB extended and A lies on DC extended (position shown | 
as ABD’A’). 
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6. Find O and O’, the centers of gravity of ABD’A’ and 
ACD. With any convenient radius locate a point P out- 
side of trapezoid ABCD that is equidistant from O and 
0’. 

7. Cut a strip of colored cardboard 3” wide and 1” longer 
than OP. Attach one end of it to the center of the colored 
AACD, place this triangle on the corresponding portion 
of trapezoid ABCD, and attach the other end of the strip 
at P with a paper fastener. 

8. Insert paper fasteners at any two points between B and 
D’ to support AACD when it is rotated to the BD’A’ 
position. 

II. Use 
A. Pupil Investigation 

1. Place this model on the bulletin board at the beginning 
of the unit on areas. 

2. Since most pupils have learned the formula for the area 
of a trapezoid in arithmetic, by rotating AACD to posi- 
tion BD’A’ the average student will have discovered the 
reason for this formula before the formal proof is en- 
countered. 

B. Teacher Demonstration 

1. This model may be used to present the formula for the 
area of a trapezoid if a class demonstration is preferred. 

2. The model should then be made available for pupil study 
after the demonstration. 

III. A similar model may be made to illustrate the derivation of the 
formula for the area of a parallelogram. 


A MODEL OF THE CONIC SECTIONS 


FRANK HAWTHORNE 
Hofstra College, Hempstead, N. Y. 


The conic sections are frequently illustrated by taking appropriate 
sections of one double right circular cone. If a model is constructed to 
illustrate these famous curves by sectioning such a cone, ‘the result 
is somewhat complicated and the instructor may not be sure that the 
students distinguish between the different types accurately. 

This difficulty (as well as several others) may be avoided by the 
use of a model such as that pictured in which the three basic curves 
are shown on three separate cones arranged in one compact unit. 
The device pictured, which measures 6X 6X 18 inches, has its top and 
bottom of plywood while its strings are surplus nylon. 
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The plywood was drilled before the frame was assembled. All 
holes are as small as possible except for those which are at the ver- 
tices of cones. These have } inch diameter. The only measurement 
that is at all critical occurs in the central (parabola) portion in which 
the intersecting plane must be parallel to one of the strings forming 
the cone. The stringing was done by first determining the length of 
string necessary, adding a few feet, then beginning at the center of 
this piece of string and working both ways. To form the vertices of 
the two single cones, the string was threaded around a pencil sup- 
ported by two other pencils. After the device had been strung, air- 
plane cement was applied liberally to every point at which a string 
passed through the wood so that a single broken thread could not 
lead to a general unravelling. 


Negative made by W. Radlinski, print by Peter De Angelis 


In the model shown, blue cord was used for the cones, the planes 
are white and the actual sections are traced in red. Labels on the top 
describe and give the usual equation of each curve. 


SECONDARY SCHOOL SCIENCE TEACHERS’ WORKSHOP 


The science faculty of Mundelein College, Chicago, will sponsor a Secondary 
School Science Teachers’ Workshop, June 18-22. Two lectures each morning will 
be offered by the College faculty in each of three fields: biology, chemistry and 
physics. The afternoon will be devoted to seminars conducted by secondary 
school teachers of science. The program of lectures to be offered was determined 
by questionnaire sent to all Chicago area Catholic school science teachers as well 
as those in the Congregation of the Sisters of Charity of the Blessed Virgin Mary 
teaching in all parts of the United States, for whom the workshop was designedly 
planned. Sister Mary Martinette, B.V.M., is chairman. 


| 
} 


THE READING HABITS OF CHILDREN—AND 
HOW CAN THEY BE CHANGED?* 


ELIZABETH A. SIMPSON 
Illinois Institute of Technology, Chicago, Ill. 


Success in school and most higher level occupations and professions 
is largely dependent upon verbal capacity. In school, children are 
called upon to use their verbal capacity particularly through the proc- 
ess of reading. Reading is basic to learning and ignores all content di- 
visions. All teachers who appreciate the relationship between reading 
and school success are interested in maximum development of chil- 
dren’s reading skills. 

Educators today are both interested and concerned about how well 
children are reading, if and how the reading proficiency of children 
can be improved, and the consequences of improved reading habits 
and skills in relation to a child’s total adjustment. 

Teachers at all levels know that most students do not read nearly 
as well as they could read. Many teachers also recognize the fact that 
reading skills are often the determining factor between whether a 
child passes or he fails. Research studies reveal that except for in- 
telligence the most significant difference between good and poor 
students is their general reading ability. This definite relationship 
between reading ability and academic success is true at all levels of 
education. Among students with approximately the same intelligence, 
those who have better reading ability also make higher grades in their 
subject matter courses. Good readers make higher marks not only 
in subjects commonly thought of as requiring a great deal of reading, 
such as English, geography, and history, but also in arithmetic and 
science courses. Ruth Strang at Columbia University has estimated 
that 80 to 90 percent of all high school subjects require silent reading 
as the method through which a student learns. The most important 
single cause of failures in school, grammar school, junior high, senior 
high, college and university can be attributed to inadequate reading 
skills. 

Poor reading is often the cause of delinquency among children and 
teen-agers. A director of attendance and child welfare in New York 
City has made the following statement, “The continual frustration in 
school produced by the inability to read efficiently frequently leads 
to truancy and delinquency.”’ In one study of 187 delinquents, 90 
per cent had been school failures. When the intelligence quotient was 
held constant between 90 and 110 ther was a mean difference of 5 


* Read before the Elementary School group of the CASMT at the “Golden Anniversary” meeting, November 
25, 1950. 
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years between the life age and the reading status. Still another study 
shows that in a group of delinquent boys 20 per cent of them had seri- 
ous reading disabilities and 66 per cent of the boys were retarded 
in reading by one or more years below the level of their mental ages. 
A problem boy who improves his reading often finds greater satisfac- 
tion in his school work and ceases to turn to delinquent types of be- 
havior for a feeling of satisfaction. 

Poor reading may be the cause of personality problems. Teachers 
are continually becoming more aware of the emotional and personal- 
ity difficulties occurring in children as a result of not having learned 
to read well. In certain cases personality and reading problems are so 
inter-related that it is often very difficult to determine cause and 
effect. A fourth grade youngster for example, who has never seen 100 
written on a returned paper and who has friends who are on the honor 
roll or doing good work, frequently starts comparing himself with his 
companions. Feelings of inadequacy and lack of social recognition 
within the class, resulting from poor reading habits, sometimes are 
the causes of personality maladjustments in children. At the same 
time feelings of inadequacy caused by being smaller than one’s com- 
panion, being a member of a broken home, and a host of other causes 
may set up barriers within children which make it quite difficult for 
them to master reading skills commonly taught in the elementary 
school. To diagnose cause and effect in the relationship which is 
known to exist between personality and reading difficulties is ex- 
tremely important and can be of great benefit to both the teacher 
and the student in establishing the program under which the student 
can realize his maximum achievements. 

It is important to recognize that good reading habits are as es- 
sential to business executives, professional men, nurses, secretaries, 
teachers, and librarians as they are for children. Good reading has 
important values for everyone. There is still no conclusive evidence 
that the radio, television and motion pictures are any real substitute 
for reading to be informed; nor do these mass means of communica- 
tion provide any real substitution for self-improvement, conversation 
topics, satisfaction and pleasure that result from good reading. It 
should be recognized that communication through reading is not as 
easy as people generally think. It is obvious that a large proportion 
of children in our schools and adults are not reading as well as they 
might be reading which hampers their school success, self-improve- 
ment, personal adjustment, and job success. 

What is reading? A literal definition of the reading process would 
be that reading is the recognition and interpretation of printed sym- 
bols and the application of their meanings. In 1890 reading would 
have been defined quite differently, for reading was then thought of 
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solely as the act of recognizing words. Later around 1920 research 
people and teachers in the field of reading began to emphasize and 
teach the skills which resulted in the better understanding of content 
read. Children were taught how to look for the sense meaning and 
then the broader meaning of the material read. By 1930, emphasis 
was being placed on a third step in the process of reading which has 
often been referred to as the critical evaluation of the content read. 
Students were taught how to look for the value of materials read and 
taught how to judge their validity. In the decade of the 1940’s a 
fourth development in reading received considerable emphasis, that 
of teaching children how to apply what they have read to their own 
experiences and to solving their own problems. Today our broader 
understanding of reading includes all four of these developments, 
all of which are essential to the reading which a child is asked to 
do and are not peculiar to any one grade level or to any one subject 
he takes in school. The student must be taught how to use these four 
abilities at all times he is called upon to learn through the process of 
reading. To be able to effectively use these broader understandings 
children must be taught four basic reading skills: 1) the development 
of independence in word recognition, 2) the development of a broad 
meaningful vocabulary, 3) the development of skills of comprehension 
or understanding, and 4) the development of good reading rate tech- 
niques. 

Reading used to be considered a subject that was taught in the first 
three grades of school. This older point of view contended that when 
children could recognize the words they had mastered the reading 
process. Therefore, reading was taught in grades one, two, and three, 
and educators believed that in these first three grades children 
learned to read and from then on they read to learn. It was assumed 
that after learning to read in the primary grades children merely 
needed practice and time for reading to develop their reading habits. 
No formal instruction in reading was included in the program. Often 
the children continued to practice with poor or immature habits and 
such practice was of little or no benefit. 

When children leave the primary grades and become fourth grade 
students, they are immediately confronted with a multiplicity of 
problems in reading. For example, they learn for the first time about 
new subjects for which they have large new books, and in these books 
they meet for the first time more polysyllable words and more ad- 
vanced language structure than they have ever experienced before. 
Because it has often been assumed in the past that children will learn 
to read better through practice, such as in the social studies, fre- 
quently children received very little reading instruction on how to 
cope with the problems which they faced in the intermediate grades. 
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Reading instruction as such was often quite incidental and less care- 
fully and intensively supervised. For years teachers and educators 
have discussed the reading difficulties that children frequently have 
for the first time in the fourth grade. The causes have been known 
and far too little has been done to alleviate these causes and bring 
about a change. To prevent these difficulties from occurring, we need 
to provide a continuing program of reading instruction. 

The more modern point of view about the teaching of reading 
contends that a person may learn to read better at almost any age. 
This point of view has been proved sound by both research and ex- 
perience. From the primary grades through adult years more reading 
training is necessary so that children and adults will be able to read 
and comprehend more accurately and rapidly. To achieve these 
better reading habits reading needs to be taught directly and specifi- 
cally in elementary schools, junior and senior high schools, colleges, 
universities and adult education programs. To meet the need for 
additional reading training of students who were not able to cope 
with the intermediate and upper grade reading demands, a number of 
so-called reading clinics were formed. In the beginning such programs 
were available primarily for children and have become increasingly 
more available for high school and college students. Such facilities for 
adults are still extremely limited. Illinois Institute of Technology, 
having recognized this need, started a reading program for the adult 
public. 

In the beginning these reading clinics were primarily for those 
children who were extremely poor readers and very little attention 
was shown in the beginning for training children who were doing all 
right but not reading with skills commensurate with their capacity. 
Gradually, however, schools have begun teaching reading as a subject 
through the sixth grade. Certainly not enough work in reading is 
being conducted at the junior high school and high school levels, but 
there is a recent trend to offer reading instruction as a part of the cur- 
riculum beyond the sixth grade. A number of junior and senior high 
schools are currently in the process of establishing a program for con- 
ducting developmental reading programs at these more advanced 
levels. I am certain more time can be spent wisely in helping the 
bright elementary school children learn to develop their reading skills 
to read up to their capacity. 

Not all children can be expected to read equally well. Today educa- 
tors realize that all children do not have equal ability to learn. Be- 
cause children differ in their abilities and capacities to learn any 
reading program should take into consideration the individual stu- 
dents and their individual capacities and potentialities. Recognition 
of individual variations does not preclude group work. Because read- 
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ing instruction is one of the principal responsibilities of the elementary 
school, elementary school administrators and teachers must ask 
themselves the question, how can we best adjust our reading instruc- 
tion to a wide variety of individual needs? 

In any elementary school it is important to recognize that the 
children will be different types of readers. A child’s ability to achieve 
in reading should always be examined in relationship to his basic 
potential learning capacity in the verbal factor of intelligence. In 
any elementary school there will usually be at least three groups of 
readers. One group consists of poor readers who are also poor learners. 
The children in this group actually lack the capacity to learn to read 
better than they are already reading. Such children should not be 
referred to as remedial readers. A second and different group, the 
remedial readers, when correctly used, applies to those readers who 
are weak in all aspects of reading and have made very little or no 
progress; very simply, they need a remedy, and they have the 
potential or capacity to learn to read better. A third group of readers, 
and those about whom teachers have been most unconcerned in the 
past, may be referred to as developmental readers. These are the 
children who are getting by but who are not doing as well as they are 
capable of doing. Usually what happens in an elementary school is 
that the reading specialist or classroom teachers devote so much time 
to the children whose needs are remedial that there is little time left 
for those whose needs are developmental in nature. All teachers of 
reading need to distinguish among these three types of children and 
their reading needs for developing an effective reading program. This 
means that a teacher is constantly aware of her student’s expectancy 
or potential. 

Learning to read is a process of complex activities which follow a 
sequential pattern of development. Whether or not a child is ready to 
learn to read when he enters school is dependent upon many different 
factors. These factors are often referred to as the reading readiness 
factors. Those conditions which contribute to readiness for learning to 
read include mental age, personality ratings, experience and intelli- 
gence. If a child should be lacking in any one of the readiness factors, 
such a deficiency reacts upon all of the others. Most teachers now 
recognize the fact that not all children are ready to learn how to read 
when they enter school at age six. 

There has been considerable research and experiential evidence on 
the most effective methods of teaching beginning reading. Five dec- 
ades ago it was believed that all that was needed to teach children 
how to read was an understanding of phonics and, as stated earlier, 
phonics consequently became the sole method used in teaching 
children to read. Because the phonetic method was not adequate 
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teachers began to eliminate the teaching of phonics in reading and 
finally swung almost completely away from any phonetic instruction. 
Educators then became aware that reading instruction was a bigger 
job than phonetic or no phonetic instruction. Gradually the pendulum 
has begun to swing backward to include some phonetic training in 
teaching children how to read. There are really just two differences 
in teaching modern reading methods as compared with those of five 
decades ago: 1) that phonics is not the sole method of teaching read- 
ing and 2) that children are taught to go to the page to get ideas and 
understandings through a greater variety of skills but including 
phonics. The best modern methods of teaching beginning reading 
include instruction on phonetic principles and also stress the per- 
ception of words and phrases. In the primary grades it is important 
to decide what phonetic elements should be taught and through what 
words these elements should be introduced to children. Elementary 
teachers should be well trained in the methods by which phonetic 
elements can best be taught and be able to assist children in applying 
the principles of phonics in word analysis and to use such principles 
effectively in context. 

Perhaps an example of how children begin to acquire an under- 
standing of phonetic principles would be helpful. In the first grade 
children acquire a vocabulary of monosyllable words such as boy, it, 
the, and cat. A number of such words require no understanding of 
phonetic analysis and are referred to frequently as sight words. Then 
children suddenly become aware by the middle of the first grade that 
hat and had which look alike are really different. As they progress in 
their reading instruction they learn that some of these small words 
which look alike really sound quite different. Using the examples of 
hat and had, they become aware of the different sound of the d and the 
t at the end of had and hat. Such discrimination progresses at a higher 
level throughout the entire second grade. Concurrently the teacher 
presents phonetic principles to help children become independent in 
recognizing new words. 

By the time children are in the intermediate grades they are con- 
fronted with many polysyllable words. It is important that instruc- 
tion in phonetic principles is continued and that more work is given 
in the structural analysis of words if these intermediate grade 
children are to become independent in their word recognition. Com- 
prehension skills learned in the primary grades are reviewed, and new 
comprehension skills at a higher level become an important part of 
the children’s reading instruction. In the intermediate grades it is also 
important for children to acquire good reading rate skills in order to 
comprehend with better understanding at a faster rate. Such skills 
need to be taught specifically and directly so that children may 
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apply better reading habits to all of the reading that is required in 
their other subjects. Incidental treatment of intermediate grade 
reading skills is not adequate for the best achievement in developing 
more advanced reading habits. 

It is just as important to teach good reading habits at the junior 
and senior high school levels as in the elementary grades. The only 
difference is that the skills are taught at a higher level of performance, 
and greater achievement is expected. Many junior and senior high 
school students need a review of word recognition skills and instruc- 
tion in more advanced comprehension and reading rate techniques. 
If such instruction is not provided, high school students are often 
unable to read and evaluate critically and spend far too much time 
reading the material that is required of them. Too often junior and 
senior high schools have pointed the finger of criticism at the reading 
program in the elementary schools, accusing the elementary teachers 
of not having done a good job of teaching reading. Usually the fact 
is that the elementary schools have accomplished much of what can 
be expected of children of the ages for which it is responsible, and 
what is needed is additional more advanced reading instruction at 
these higher levels. 

Elementary school reading programs usually include certain diag- 
nostic procedures and always reading instruction. Many elementary 
schools give reading tests in either the spring or fall to determine in- 
dividual reading needs, and at certain designated times intelligence 
tests are given to the children. The reading test results should be 
examined in relationship to a child’s rating on the intelligence test, 
which will be explained further in the following paragraph, and after 
this has been done these test results are used as a basis for individual- 
ized instruction for the maximum achievement of the students. In 
individualizing reading instruction children are put into reading 
groups in which their needs are comparable. Every elementary grade 
usually has several groups of readers. 

In any elementary school it is to be expected that there will be a 
small number of children for whom more complete diagnostic work 
in reading is necessary to adequately determine the nature of their 
difficulties. Such a diagnosis should include an investigation of the 
four factors that affect how a child reads: 1) mental capacity, 2) 
reading skills, 3) personality, and 4) visual skills. Standard procedure 
in measuring the intelligence of a large number of students is to give a 
group paper and pencil test. Teachers and school administrators 
should bear in mind and be constantly aware of the fact that children 
with reading difficulties will not be able to do as well on a paper and 
pencil test of intelligence as those children who do not have reading 
difficulties. It is of paramount importance that children who have 
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experienced considerable difficulty in reading should be given an 
oral individual intelligence test that is not dependent upon reading 
skills. Reading is partly dependent upon near point visual skills, and 
therefore visual skills should be carefully checked. If the teacher 
knows that a reading problem exists, but does not know the nature 
of the problem, it is highly important to measure word recognition, 
vocabulary meanings, comprehension and reading rate. Paper and 
pencil tests of personality are frequently used as screening devices to 
detect any personality difficulties, and a more individualized type 
of personality evaluation makes use of the several protective types 
of personality tests available. The results of more complete diagnostic 
work should be used by teachers in order to plan a more effective 
reading program for those children who for one cause or another have 
serious reading difficulties which can be corrected. 

When teachers are aware of the reading needs within their class- 
rooms, they can do a much better job of reading instruction. There is 
no one book, method, or instrument, that is the panacea for solving 
all reading difficulties. In grades one through six teachers make use 
of basal and supplementary reading series in order to provide a 
systematic development of reading skills from one grade to the next. 
Fewer materials for reading instruction are available from grades 
seven through twelve. Additional supplementary materials, such as 
reading devices to improve reading rate techniques, are also a part 
of the materials used for a most complete reading program. 

Teachers of science and mathematics have an opportunity to be 
teachers of reading as well as the subject matter of their own courses. 
Science and mathematics courses have a special vocabulary which the 
teachers of these subjects must teach to their students. It is a part of 
the science and mathematics teachers’ job to instruct their children 
how to understand their textbook and reference readings, how to 
react to the ideas in these materials and finally how to apply what 
they have read to their own experiences and what they already know. 
The reading teacher teaches reading skills to be used in all courses, 
and the science and mathematics teachers must also teach these 
skills as they are related to better understanding of the content of 
their courses. 

All teachers must take students as they come to them from year 
to year. Among the students whom any elementary teacher has will 
be some who do not read with skills satisfactory for achievement in 
the grade in which they are placed. For example, a sixth grade science 
teacher may very well have children in his room whose word recogni- 
tion and vocabulary level are equivalent to that of a fourth grade 
child. For the science teacher to assume that this youngster is going 
to be able to comprehend, react to, and apply the ideas read in the 
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science books with the same facility that the child does whose 
vocabulary is equivalent to that of a sixth grader is entirely er- 
roneous. Not only must the readability of the science and mathe- 
matics books be taken into consideration but also the individual 
differences in reading skills must be recognized by these same 
teachers. Often in arithmetic, for example, the principal! reason for 
failure to understand an arithmetic problem is an inability on the 
part of the child to correctly recognize the words through which the 
problem is stated. Such an inability also results in the child perform- 
ing very slowly. In addition to teaching content, science and mathe- 
matics teachers have an opportunity to help children to better 
understand by recognizing individual differences in their ability to 
read assignments and by providing reading instruction in the best 
techniques for handling their subject matter. 

Better reading habits make a real difference in children’s lives. 
Probably the most important consequences of improved reading for 
children is that of self-improvement. Children who are good readers 
are exposed to more ideas and find their knowledge continually in- 
creased. Frequently the ideas they find in their reading serve as good 
topics for better conversation. Having acquired more knowledge 
and being better informed result in greater self-assurance in children. 
At the same time, they are experiencing the pleasure and relaxation 
which are concomitant results of reading well, and their desire to read 
is increased. In addition to the self-improvement which they realize 
through better reading they are experiencing increased school suc- 
cess. The second application of improved reading habits for children 
is that of increased school success. The effects of such success are well 
known. 

To teach children to be more effective and efficient readers is a 
challenge to education. Children cannot function successfully in this 
society without good reading habits. To help children realize their 
maximum potential in reading will result in this nation’s children 
developing into better citizens who are more economically and 
socially sound. 


Stainless steel beakers for laboratory use, highly polished to a mirror finish, 
have permanently attached bakelite handles for easy handling without the need 
of beaker tongs. They have heavy beaded rims and dripless pour-out lips. 


Sun lamp that resembles a fluorescent tube, particularly for use in hen houses 
to increase egg production in the short-day season, gives ultraviolet radiation 
claimed to speed the growth of broilers. It is an economical light, using less elec- 
tricity than a 25-watt bulb. 
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AN ANSWER TO “ARGUMENTS AGAINST 
UNIVERSAL ADOPTION OF THE 
METRIC SYSTEM” 


C. J. ARNOLD 
Mankato Public Schools, Mankato, Minn. 


In the April 1950 issue of ScHooL ScIENCE AND MATHEMATICS, in 
an article entitled Arguments Against Universal Adoption of the Metric 
System, Mr. Cecil B. Read states “the purpose here is to make avail- 
able—some of the arguments on the other side—.’’ Mr. Read is to be 
thanked for bringing together and consolidating the arguments 
against the metric system under six main headings. 

In the scientific approach, to which he refers, it is very necessary 
that statements such as these be carefully analyzed and tested. State- 
ments, as such, no matter by whom made, or how often they have 
been made, or for how long a period of time they have been made, 
have no value in the scientific approach unless they can be shown to 
be in agreement with the facts in the case under consideration. 

In this connection it should be pointed out that it is highly im- 
probable that any present advocate of the metric system arrived at 
his conclusion with respect to this matter without the scientific ap- 
proach—without the careful weighing of all the “pros” and “‘cons.” 
Very few of them were born into a metric system environment. In our 
country, certainly, most of them were born into the English system 
environment which we now find ourselves in. Only by the exercise of 
the scientific approach with its strong reliance on intellectual honesty 
have they changed their views. 

In making a scientific approach to a problem it is essential that 
emotional words, such as, “English speaking people refuse to become 
slaves to a theory or to submit to the tyranny of a decimal sub- 
division” be avoided as much as possible. Words, such as, “slaves,” 
“theory,” and “tyranny” used in this way are loaded with emotion and 
make honest thinking very difficult. Does it follow that “English 
speaking people” are set apart from others and should forever be 
prejudiced toward all “English” measurement systems? Is there any 
American who would for one minute trade his ‘‘metric” system of 
money for the present “English” system? I do not think so. If only our 
legislative ancestors in this country would have changed to the com- 
plete metric system at the time that they adopted our present money 
system we today would point with pride to our better system of meas- 
urements as well. 

Certainly none of the arguments presented here are new. Only the 
grouping is new. I will attempt to point out what to me appear to be 
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some of the fallacies in each of the arguments as given in Mr. Read’s 
article. I expect, in true scientific fashion, that if anyone detects error 
in my statements, he will fulfil his obligation in this matter by point- 
ing them out. 


I. The metric system does not possess sufficient merit to insure its 
adoption without compulsory legislation. 


This is a very misleading statement. The problem involves more 
than merit. The real problem is the replacement of a traditional sys- 
tem already familiar to the people. If the issue could be solved on the 
basis of merit only it would have been solved long ago and we would 
now have been using the metric system since shortly after its intro- 
duction. To bring out this point let us assume a situation in which 
merit only would be the deciding factor. Let us assume that in this 
country we were using neither the metric nor the English system but 
another system which we will designate as “‘x.’”’ Let us assume further 
that a decision had been reached to make a change from “x.”” We are 
presented with the choice between the English and metric systems. 

Is there any question as to which we would choose? I believe we 
could predict with absolute certainty that we would choose the metric 
system. For history records that in every case where a country has 
been given this choice it has chosen the metric system. There is 
nothing in the record to indicate that these countries were not free to 
choose the English system. And it seems logical to suppose that in 
giving up their inherited systems they would want to select the best 
system to replace it. 

Is there any question as to which we would choose if today we had 
to choose between the metric and the old German, French, or Russian 
systems? No, I think not. Our choice would be metric without a con- 
test. It should be emphasized that these systems were equally as good 
in their time as the present English system is today. Or to state it 
more exactly from the point of merit, these systems were just as bad, 
just as obsolete as the present English system. 

This statement would be less misleading if it did not have in it the 
word “compulsory.” It is an “emotional” word which is apt to interfere 
with clear thinking. Yet legislation which is not compulsory has little 
value. The simple fact is that whenever a people takes a step involv- 
ing change such as this they must draw up new “rules of the game.” 
And if the objective is to be achieved it is necessary that everyone 
play the game according to the new rules. Actually the “compulsion” 
in any legislation applies only to the very few—just those who are not 
inclined to cooperate with the will of the majority. Witness our educa- 
tional system. It is a “compulsory” education system, and we in this 
country have come to accept it as a part of the democratic process. 
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Under “compulsory” education we find that most people willingly co- 
operate and “compulsion” is exercised in but few instances, and yet the 
“compulsion” is necessary to achieve the full merits of the system. 
Why do we have the Pure Food and Drug laws? Why do we have 
traffic laws? Why do we have sanitation laws? Why do we have legis- 
lation of any kind? Certainly it is not to have some one stand over 
us with a whip and compel us to do things, nor to deprive us of our 
individual freedoms, but rather to serve as a guide for cooperative 
action in order to achieve the greatest benefits to all. Doctors tell us 
that smallpox is a disease that could easily be wiped out with the 
proper legislation. There would seem to be considerable merit to live 
in a world free from this disease. Yet merit alone is not sufficient to 
achieve this worthy objective. : 

Much is made of the matter of ‘‘Free choice” in Read’s article, for 
example, ‘‘This is merely one example of the fact that users of meas- 
urement, with free choice, may not select what some theoretical scien- 
tist thinks is the best system—many people subconsciously resist the 
view that the scientist is always right.’’ Here again the actual situa- 
tion needs to be made clear. The fallacy here is to think that “‘free 
choice’’ does actually exist at the present time. The situation is com- 
parable to the present Russian system of ‘‘free elections.” In actual 
practice, the individual is dictated to as to the system of measure- 
ments he will use. Theoretically one could go to a grocery store and 
demand that his purchases be measured in the metric system. Such 
action however would probably make him very unpopular. One would 
soon find that he does not wish to pay the price for such “freedom of 
choice.’’ He would quickly find it more satisfactory to adjust himself 
to local usage. This is true no matter what the system of measure- 
ments is. This is why other countries have experienced no great difh- 
culty in making the change once it has been incorporated into the new 
“rules of the game.’’ Our own country would experience less difficulty 
because of our educational and communication systems. This matter 
is a problem of group choice rather than individual choice, and in the 
event of change to the metric system the right of the individual to 
“free choice’’ would not be changed. 

With reference to the merits of the metric system it was stated that 
it does not have the “instinctive subdivisions— halves, quarters, etc.” 
This is ridiculous. Halves, quarters, etc., come just as instinctively 
and naturally in the metric as in any other. Not only is .5 just as 
much a “half’’ as 3 is, but it is much easier to use and think. 


II. Even compulsory legislation will not eliminate the present sys- 
tem. 


There is no reason to doubt but that the same thing which has oc- 
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curred in other countries which have changed to the metric system 
would occur here when we made the change. In all of these countries 
the metric system is a working and desirable system. In fact it has 
been such a success and has been such a great improvement that there 
has been no demand to return to the old system, or to adopt the 
English system in its stead. Complete elimination of the present sys- 
tem is not necessary for the practical use of the metric system. Hu- 
man nature, being what it is, it might take a life-time or more to 
eliminate all of the “unchangeable” individuals which would prevent 
its total adoption. The number of these, however, would be so small 
as to be insignificant. Vestiges of the old system may remain for a 
long time, for example, we still call a one cent piece a “penny.”’ Actu- 
ally there is no such thing as a “‘penny’’ in our money system, but the 
use of the word does not interfere in the use of our present money 
system. 

The cases of the U. S. Army in World War I, and the I.C.A.A.A.A., 
which had changed to the metric and now have changed back to the 
English system again, are meaningless because they do not apply to a 
country that is metric. If our country had been metric at the time it 
is highly improbable that they would have made the backward 
change. This is but another example of group dictation rather than a 
decision based on the merits of the system. 


III. The metric system is not by any means perfect, nor is the 
English system completely bad. 


This statement is accepted as true, but our real concern should be 
as to which is the better. This is something which readily lends itself 
to proof. It can easily be demonstrated by comparing the ease and 
rapidity of the two systems in use. ‘The proof of the pudding is in 
the eating.’’ This, the metric system, is the one used almost ex- 
clusively in the field of Science throughout the world. Only in English 
speaking countries do we find English measurements used in science 
and they are used only to a limited extent; the metric system even in 
these countries is preferred for most scientific work. 

It should be recalled in this connection that no country has ever 
changed from metric to English, and that all countries which have 
changed from their inherited systems have chosen the metric over the 
English system. The change to the metric system should be con- 
sidered as a forward step in our progress. There is nothing in it 
which would forever bind us to it if at a later date some other system _ 
would come along which was better. Adoption of the metric system 
would be an indication of our adaptability to change and set a prece- 
dent for future generations to make progressive improvements. 
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IV. The problem of education would not be simplified, but made 
more complex. 


This merits little discussion when it is recalled that we are stuck 
with the present difficulties described and realize that such difficulties 
must continue to exist so long as there are two systems of measure- 
ment in use. Since we are now living on a global basis, ‘‘one world,’’ the 
problem would not be solved if we were to go to the English system 
exclusively. The only solution is to eliminate one of these two systems 
and for all to adopt the other system. Agreement between all coun- 
tries is important. But of greater importance is agreement between 
countries and science. All countries should use the same system of 
measurements as is preferred by science. We live in an age of science. 
A common system of measurements would make it possible to more 
rapidly pass along to the public the developments and studies in the 
field of science. 


V. The expense involved in the change to the metric system would 
be prohibitive. 

This statement certainly cannot be accepted as a scientific fact: 
That there would be an expense involved in making a change goes 
without question. This is true of all change. But to say that the cost 
of the change would be “prohibitive” is just another use of an emo- 
tional and scare word. The experiences of the countries which have 
made the change already prove that this is not so. The experiences 
of the industries within this country which have made the change 
in spite of being in an English system environment show such a state- 
ment to be anything but the truth. 

Contrary to the statements made, the fact that we are a highly in- 
dustrialized nation should make it easier and less costly for us to make 
the change than for other countries. Our automobile manufactureres 
do not seem to hesitate to bring out new models of cars each year. 
This entails an enormous “investment in designs, drawings, gages, dies 
and tools” yet this is not considered prohibitive. Nor does the cus- 
tomer notice the ‘‘cost.”’ This is because of our huge industrial produc- 
tive capacity which has the ability to do things and do them rapidly. 

Our lack of standardization of parts is directly connected with the 
use of the English system. The standardization which would follow 
the change to the metric system would pay the cost of the change 
many times over. This is a clear cut case of “penny wise and pound 
foolish.”” The longer we wait the more it will cost. We are today pay- 
. ing a terrific price just to keep on with the English system. 


VI. Miscellaneous considerations. 
As for the use of conversion factors it should be clear that we are 
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faced with this problem now and must continue to be faced with it 
until the change over to the metric is complete. This will eliminate 
the situation as a real problem. In a sense we will always have a 
conversion problem. We cannot have change without it arising. 
Whenever you have change you will have need for conversion units 
between the present and the past. This we can never completely 
escape as history plainly records. We can however eliminate the big 
problem by"dropping thefold English system. 

Much was made of our “present standards” and our “‘present phys- 
ical dimensions” being “‘not commensurable” with the metric. How 
can the two systems be commensurable when the English system is 
not even commensurable within itself? Did you ever measure a 2-by-4 
or a 12 inch board? or compare a gallon of gasoline in Canada with a 
gallon of gasoline in the United States? This should be made clear—a 
change to the metric system will not by itself change the size, or 
“present physical dimensions”’ of any object. If a change does take 
place it will be because the new size is proved to be more convenient 
for use. Here again we need only go to the countries that have already 
made the change for our facts. The housewife in any of the metric 
countries finds it even more convenient to do her cooking and baking 
in metric units than with the old. 


ON DIVISIBILITY BY SEVEN 


D. LARSEN 
Albion College, Albion, Michigan 


A test for divisibility by 7 was described by Hollis D. Hatch in a 
recent number of this JouRNAL.' The test is not new as it was pro- 
posed as early as 1889 by R. Tucker.? Tucker’s rule, which seems to 
have escaped general notice, is based on a theorem which may be 
stated as follows. 

THEOREM. Drop the right-hand digit of an integer V and subtract 
k times that digit from the remainder. The difference N’ is divisible 
by any factor of 10k+1 if and only if N is divisible by that factor. 

Proor. Let --++a,, t=10. 

Then 
N-a, N—(kt+1)a, 
= ’ 


N= ka,, 


l 


'“The Rule for Seven,” ScHooL ScrENcE AND MATHEMATICS, Vol. 50, pp. 749 f. (Dec., 1950). 
* Nature, Vol. 40, pp. 115 f. (May 30, 1889). 
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whence 
N=N't+(ki+1)a,. 


If f be any factor of kt+-1, then clearly f is prime to ¢. Hence, N is 
a multiple of f if and only if V’ is a multiple of /. 

Since 2/+1=21=3X7, the choice k=2 yields a comparatively 
easy test for divisibility by 7 (as well as tests for divisibility by 3 and 
21). To determine if N’ in turn is divisible by 7, we may use the 
theorem again; in fact, we may continue to apply the theorem until a 
difference is reached which obviously is or is not divisible by 7. 


EXAMPLES: 
4088 
16 
392 
4 


35=5X7. “. 4,088 is divisible by 7, but not by 3. 


23985 
10 
2388 
16 
222 
4 
18=3X6. .. 23,985 is divisible by 3, but not by 7. 


By making other choices of k, the theorem yields a variety of tests 
of divisibility which are interesting though perhaps inconvenient to 
apply. Thus, k=1 and k= —1 furnish tests for divisibility by 11 and 
9, respectively. 

Other tests for divisibility by 7 have been proposed, but none of 
them seems to be much shorter than actual division by 7. The follow- 
ing test may be of interest. 

THEOREM. A number is divisible by 7 if the given number, con- 
sidered as a number whose place values are in the scale of 3, is di- 
visible by 7, and conversely. 

For example, consider 1,246. As a number whose place values are 
in the scale of 3, 1,246= (1X 27)+(2K9)+(4X 3) +(6X 1) = 63. Since 
63 is divisible by 7, it follows that 1,246 is divisible by 7. In applying 
this theorem, the work may be simplified by casting out sevens at any 
stage. Thus, since 27=(4X7)—1 and 9=7+2, we may write: 
1,246=(1X —1)+(2K2)+(4&3)+(6X1)=21, a multiple of 7. 
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Again, 4,897=(4X —1)+(1X2)+(2X3)+(0X 1) =4, which is not a 
multiple of 7. Here we have replaced 8, 9, and 7 by 1, 2, and 0, re- 
spectively. In brief, all of the computations are performed “modulo 

The preceding theorem frequently is expressed in the following 
equivalent form. 

THEOREM. Multiply the leading digit of a number by 3 and add the 
next digit; multiply the result by 3, add the next digit, etc., at any 
stage subtracting or adding a multiple of 7. If the final result is a 
multiple of 7, so is the original number, and conversely. 

This theorem has been extended recently by B. A. Swinder.’ 


3 Math. Gazette, Vol. 34, pp. 120 f. (April, 1950). 


COMMENT BY THE MATHEMATICS Eprror—DIvISIBILITY By 7, 11 OR 13 


By making use of the fact that 7X11X13=1,001 it is possible to test simul- 
taneously for divisibility by 7, 11, and 13. For example, consider the number 
234,570. The number 234X1,001 or 234,234 is divisible by 7, 11, and 13. The 
difference 234,570 — 234,234 = 336 is divisible by 7 but not by 11 or 13; hence 
234,570 is divisible by 7 but not by 11 or 13. 

To test numbers of four, five, or six digits one needs to test the difference be- 
tween the number composed of the last three digits and the one made up of the 
remaining digits. Extension to numbers of more than six digits is illustrated by 
testing 98,765,432: Consider 432 — 7654-98 = —235. This result not being divisi- 
ble by 7, 11, or 13, the original number is not divisible by 7, 11, or 13. 

This is discussed in some detail in Mathematical Excursions, by Helen Abbot 
Merrill (Boston, Bruce Humphries Inc., 1934). 

B. READ 
University of Wichita 


A GENERAL TEST FOR DIVISIBILITY BY A PRIME 


N. A. GOLDSMITH 
Illinois Wesleyan University, Bloomington, Ill. 


The interesting article in the December, 1950, issue by Hollis D. 
Hatch, ‘The Rule for Seven,” is an application of a more general 
theory of the simultaneous solution of congruences, as expressed in 
the following 

Theorem. Suppose 


ax+by=0, mod p (p a prime) 


(1) 
cx+dy=0, mod p. 


The necessary and sufficient condition that (1) have a solution is 
ad—bc=0, mod p. 

Proof: If ad—bc=0, mod p, a solution is x= p—b; y=a. Further, if 
(x’, y’) is a solution of (1), then 
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by d 
mod p, (aco) 
¢ 


so that b/a=d/c, mod p, or ad—bc=0, mod p. 
The original situation, that of divisibility of a number by 7, applies 
this theorem to a simultaneous solution of the system 


10/+u=0, mod 7 
t—2u=0, mod 7, 


where ad—bc= —21=0, mod 7. In fact, one might as well have used 
+5 as —2 in the test. 

In general, as a test for divisibility by any odd prime except 5, 
where the method breaks down, we consider a solution of the two 
equations 


10/+u=0, mod p 
t+du=0, mod p. 


If there is to be a solution, i.e., if 10¢+-u is divisible by p, the number 
d must satisfy the condition 10d—1=0, mod p. The general rule may 
then be written in the form: 


“The number 10/+-w is divisible by the odd prime p (p#5) if and only if t+du 
is divisible by p, where d is so chosen that 10d—1 is divisible by p.” 

Thus, for p=13, we have d=4, and the divisibility rule for 13: “A number is 
divisible by 13 if and only if the sum of 4 times the units digit plus the number 
represented by the other digits is divisible by 13.”’ As an example, try 3,016+ 13. 
We have 


301+4(6) =325 
32+44(5) =52=413. 


Then 3,016 is divisible by 13. 

For larger primes, a similar rule may be followed. Thus: 

a) to test divisibility by 17, subtract 5 times the units digit (or add 
12 times the units digit). Example: 3587. 358—35 = 323; 32—15 
=17. 

b) to test divisibility by 19, add 2 times the units digit, Example: 
4769. 476+18=494; 49+8=57=3X19. 

c) to test divisibility by 23, add 7 times the units digit, Example: 
2576. 257+42=299; 29+63=92=4X 23. 

For 29, add 3 times the units digit; for 31, subtract 3 times the 
units digit; for 37 subtract 11 times the units digit; for 41, subtract 
4 times the units digit. 

While the method does appeal to intellectual curiosity, it becomes 
as cumbersome as actual trial for relatively small primes. 


INSIDE THE ATOM 
VI. SUBSTITUTES FOR RADIUM 


BARBARA R. BALZER 
Fieldston Lower School, 3901 Greystone Ave., New York 63, N. Y. 


What is smaller than the largest crown-jewel, and yet worth as 
much money? This is not a riddle with a surprise answer, but a 
serious question, the answer to which is very logical. If something is 
very useful, useful enough to be able to save human lives, and at the 
same time, very scarce, it is logical that it will also be worth a great 
deal of money. Radium is such a substance. A gram of radium, a 
fraction of an ounce, is worth twenty thousand dollars. 

A crown-jewel has value because it is beautiful and hard to obtain. 
There is not as great a supply of precious jewels in the earth as there 
is of coal. The supply of radium is even less. A cutter of jewels must 
be a very skilled craftsman, but his task does not involve as many 
steps as the task of obtaining pure radium from pitchblende. Radium 
is valuable because it is radioactive—it gives off alpha, beta, and 
gamma rays. Its radiations are used in the treatment of cancer, and 
in many research problems. 

Yet the value of precious stones is increasing as fewer and fewer of 
them are to be found in the earth. And radium is worth less today 
than it was a few years ago, all because of a remarkable discovery by 
Madame Irene and Monsieur Frederic Joliot, the daughter and the 
son-in-law of Madame Curie, the woman who produced the first pure 
radium for the world. The Joliots discovered a way of making 
ordinary, stable elements, like aluminum, boron, and magnesium, 
into radioactive substances. 

Of course it had been known from the very first transmutation ex- 
periments of Rutherford and Cockroft and Walton that when the 
bombarding particle struck the nucleus of the atom that was to be 
changed, this nucleus gave off gamma rays, and sometimes other 
high-speed sub-atomic particles. Scientists had thought, however, 
that there was nothing more to the reactions than that. In Ruther- 
ford’s experiment, a nitrogen nucleus was changed to an oxygen 
nucleus; in Cockroft and Walton’s, an atom of lithium was split into 
two helium nuclei—and that was all there was to it. 

It was not until 1934 that the Joliots discovered that, in some of 
their transmutation experiments, the transmuted elements con- 
tinued to give off particles even after the bullets had stopped hitting 
them. In bombarding aluminum, boron, and magnesium with alpha 
particles, they discovered that after they took away the source of 
alpha particles, these elements—aluminum, boron, and magnesium— 
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continued to give off particles. Just as in the case of naturally radio- 
active radium, the particles would never stop coming off altogether, 
but the amount of time it took for the number of particles coming 
off to be reduced by half could be measured. The “half-life” of 
artificially radioactive boron is fourteen minutes; for aluminum, it is 
three and one fourth minutes, and for magnesium, it is two and a half 
minutes. 

These half-lives proved useful in determining that the boron, 
aluminum, and magnesium were really radioactive themselves and 
not merely appearing to give off particles that had rea//y been given 
off by the source of the alpha particles used to make them artificially 
radioactive. For example, radium is sometimes used to produce alpha 
particles for such experiments. But the half-life of radium is over a 
thousand years, and these artificially radioactive elements had half- 
lives that could be measured in minutes. Not only that, but their 
half-lives were different, one from another. Radioactive boron had a 
half-life of fourteen minutes while radioactive magnesium had a half- 
life of only two and a half minutes. Thus the Joliots knew that their 
samples of boron, magnesium, and aluminum were each producing 
their own distinct kind of radiation. 

When they wanted the paths of these new rays in a Wilson cloud 
chamber, the Joliots realized that they had another proof that the 
radiations were distinct, for the tracks were not made by alpha or 
beta particles, but by positrons. The Joliots determined this in the 
same way that scientists had determined that there really were 
positive electrons, or positrons, that is, by observing the curvature 
of the cloud chamber tracks of the particles when they flew through a 
magnetic field. The tracks were curved in the opposite direction from 
the negative particles, the electrons. (It was discovered later that 
when neutrons are used in bombarding, the radiation given off by 
the artificially radioactive element consists of electrons instead of 
positrons.) 

As soon as the Joliots announced their discovery, scientists all over 
the world began trying to make artificially radioactive elements by 
bombarding the natural elements. They used other particles than 
alpha particles—protons, deuterons, and neutrons. By the middle of 
1934, they had produced radioactive materials using each of the four 
kinds of bombarding particles. They found that the neutrons worked 
for more elements than did the other three particles. This is logical, 
for the neutrons would not be repelled as much by the positive 
charges of the protons in the nucleus. Two particles, each carrying a 
positive charge, would naturally repel each other more than a par- 
ticle carrying a positive charge and a neutral particle. 

The scientists also discovered that it is better if the bombarding 
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neutrons are moving slowly when they hit the nucleus—for they will 
be more likely to stick in the nucleus if they are not going too fast. 
Scientists found several ways of slowing the neutrons down before 
they hit the nucleus. One way is to bury in a block of paraffin a 
capsule containing two materials, the reaction of which will produce 
neutrons. The neutrons, in making their way out of the paraffin, will 
collide many times with the nuclei of the atoms in the paraffin. At 
each collision they will lose some of their energy. A container of water 
is sometimes used in the same way to slow down the neutrons. Water 
and parafiin are chosen because they contain many hydrogen atoms. 
The hydrogen atoms, in turn, contain single protons and the collisions 
between single protons and neutrons cause neutrons to lose more 
energy per collision than collisions with any other kind of nucleus. 

Scientists busied themselves in finding ways of producing elements 
that were artificially radioactive. For some of the elements, they 
found as many as five different ways in which they could produce one 
single radioactive form. For instance, one kind of radioactive alumi- 
num can be made by adding a neutron to the aluminum, either by 
having a single slow neutron enter its nucleus or by taking the neu- 
trons from a deuteron which comes close to the nucleus. This same 
kind of radioactive aluminum can be made by bombarding mag- 
nesium with alpha particles, by bombarding phosphorus with 
neutrons, or by bombarding silicon with neutrons. 

With five possible ways of producing just one kind of artificially 
radioactive element, it seems that the Joliots discovered a means to 
great power over nature. This is indeed true, for before 1934 there 
were known.to be only forty elements that might possibly be nat- 
urally radioactive. These elements were all in the “heavy” end of 
the periodic table. They all weighed more than lead. Not four years 
after the first discovery of artificial radioactivity, scientists had made 
two hundred thirty radioactive elements. These elements are scat- 
tered all over the periodic table; there is at least one radioactive form 
of every one of the ninety-two elements ... even hydrogen. Many 
elements have several radioactive forms—one for each one of their 
isotopes. (An isotope is something we have already discussed, although 
we haven’t named it. It is a form of an atom that has one or more 
extra neutrons in its nucleus, although it has exactly as many elec- 
trons in its outer shell as the ordinary form of the atom. Thus it 
weighs more, but will still combine with the same elements in the 
same proportions. Heavy hydrogen, deuterium, is an isotope of 
natural hydrogen.) 

Sometimes it is hard to tell which kind of reaction has taken place 
in a nuclear transmutation that results in an artificially radioactive 
element. Some of the particles given off in the reaction can’t be de- 
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tected—a neutron, for instance, will make no track in the Wilson 
cloud chamber. While certain scientists have worked producing 
artificially radioactive substances, other scientists have been busy 
devising chemical tests to determine what kinds of substances they 
have when the transmutation reactions are complete. Still other 
scientists have discovered ways to add neutrons to the nuclei of 
uranium atoms, thus creating elements with atomic numbers higher 
than 92. At least four such new elements have been made from 
uranium. 

To go back to our comparison of radium and precious stones. The 
usefulness of precious stones has not increased for some time. No 
further uses have been found for them than their uses in cutting 
tools, in mounting moving parts, and in jewelery settings. But the 
usefulness of radioactive substances increases every day. The 
artificially radioactive elements are now being used as little signal 
lights to help doctors discover in what parts of a living body elements 
are used after they enter that body. Radioactivity is like salt in food. 
A tiny pinch of salt is able to flavor, and to be tasted in, a whole 
kettleful of food. A tiny bit of radioactivity (not enough to do harm 
to living tissues) in a portion of food that has been eaten is able to 
signal to sensitive instruments on the outside of the body the position 
of the food inside the body. This valuable use of artificial radioactiv- 
ity is important enough in present research to be discussed by itself 
in the next section. 


PROBLEM DEPARTMENT 


ConpucTepD By G. H. JAMISON 
State Teachers College, Kirksville, Missouri 


This department aims to provide problems of varying degrees of difficulty which will 
interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent to 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. : 

The editor of the department desires to serve his readers by making it interesting 
and helpful to them. Address suggestions and problems to G. H. Jamison, State 
Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 
1. Drawings in India ink should be on a separate page from the solution. 
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2. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted in the 
best form will be used. 


Late Solutions 
2218, 9. Jerome M. Glick, Brooklyn College. 
2220. John Q. Taylor King, Austin, Texas. 
2213. Roby Fretwell, Canton, Missouri. 
2222, 3. Max Beberman, Urbana, Illinois. 
2222. Aaron Buchman, Buffalo, N. Y. 
2222, 4. B. B. Libby, San Francisco, California. 
2225. Francis L. Miksa. 
2227. Proposed by D. L. Foster, Florida A & M College. 


A cask P is filled with 50 gallons of water and a cask ( with 40 gallons of 
brandy, x gallons are drawn from each cask, mixed and replaced. The same 
operation is repeated. Find x when there are 9} gallons (of brandy) in P after the 
second replacement. 


Solution by Les Lange, Valparaiso, Ind. 


After the first replacement: 
Concentration of brandy in P is: 


Concentration of brandy in Q is: 
40—x/2 80-—x 
40 80 


Then x gallons are taken from each cask and put into mixing vat, in which the 
concentrations of brandy is: 
(0-2) 
*"100° 80 400—x 


2x 800 


Now « gallons of this mixture are mixed with (50—z) gallons in P, which contains 
a brandy concentration of x /100. Thus, after the second replacement, the amount 
of brandy (B) in P is: 


x(400— x) 
800 


or 9%*—800x+800B=0. By proposer, B=9$=79/8, and we are hence required 
to solve 9x?— 800x-+7900=0. This quadratic has the roots 


x 
B=(50—x) toot 


400 + 3556 
9 


The (+-) sign cannot be admitted, for it leads to the value x=approx. 77, which 
is too large. Hence the solution is 


{ 
| 

50 100 
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and using logarithms we have x=approx. 11.3153 gallons. 


Solutions were also offered by: Hugo Brandt, Chicago, Illinois, R. McTaggart, 


Abbotsford, B. C., Canada, and proposer. 
2228. Proposed by Dwight L. Foster, Florida A & M College. 
Show that the sum of 2 terms of the series 


1 1 1 1 
3 9 27 81 243 729 2187 


is 

3 

{1—(—1)"3-*"}. 
(Elem. Algebra, Hall & Knight, Macmillan, London, Page 332, No. 35.) 


Solution by Dwight L. Foster, Florida A & M College 
We write the =. series as the sum of two series of m terms each 


1 


{1—(—1)"3-**} 


Solutions were also offered by: Hugo Brandt, Chicago, Illinois; L. H. Lange, 
Valparaiso University, Indiana; V. C. Bailey, Evansville, Indiana. 


2229. Proposed by Roy E. Wild, Palo Alto, California. 


Find all triangles in which the three sides and altitude are of the form x, x+1, 
x+2, x+3, where x is an integer. 


Solution by V. C. Bailey, Evansville, Indiana 


If the altitude considered is less than any side of the triangle, there are four 
cases as shown in Figures 1-4. 

Using Hero’s formula for finding the area of a triangle and the fact the area 
equal one-half the product the base and altitude, we get the following equations 
and their integral solutions: 


From Fig.1. 
— 4x3—18x?— 4x+25=0. x=1. (1) 

From Fig. 2. 
12x+13=0. x=1, 13. (2) 

From Fig. 3. 


— 4x4+25=0. x=1. (3) 


| 3856 
x 9 
2 ¢ 1—(—1)"(4)" 
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From Fig. 4. 
2x2+12x+ 9=0. x=1, (4) 
If the altitude is greater than one of the sides, there are two cases as shown in 

Figures 5 and 6. 

From Fig. 5. 
x(x3—20x?+ 16x+48) =0. x=0. (5) 

From Fig. 6. 
x(x3—20x2+ 16x+48) =0. x=0. (6) 
Equations (1-4) vield triangles such that the sum of two sides equals the third 
_ — (2) also yields the triangle with sides 13, 14, 15. Hence only this 


Equations (5) and (6) give meaningless solutions. 
Solutions were also offered by: Hugo Brandt, Chicago, Illinois, and proposer. 


xt! 
x 


x-/ 
Fic. 5 Fic. 6 


2230. Proposed by Max Beberman, Shanks Village, New York. 


In the plane of a given triangle ABC find a point P such that the sum of the 
distances from P to A, B and C is a minimum. 

In offering this problem for solution, the editor was not aware of its difficulty 
and of its long history. I am indebted to Norman Anning and V. C. Bailey for 
the following interesting notes relating to the problem: 

Fermat proposed it to Torriceilli who solved it for the case of the triangle hav- 
ing no angle greater than 120°. 

It has been called Steiner’s Problem and it is treated in What is Mathematics 
by Courant and Robbins. See pages 354-361, 377-379, 391. Also see J. Steiner, 
Werke, 2 Berlin, 1882, page 729. 

Also see Osgood’s Advanced Calculus page 177 where reference is made to a 
complete discussion in Goursat-Hedrick, Mathematical Analysis, V. 1, section 62. 

Irvins Adler, New York, also discusses the problem giving the solution that 
point P is the point at which the three sides of the triangle subtend angles each 
equal to 120°. 

Modern College Geometry by Davis gives a solution. 

For further study, readers are referred to the references given. 


2231. Proposed by W. J. Cherry, Berwyn, Illinois. 
Given three circles whose equations are x*+y’+16«%=0, x*+y?—10x=0, and 


+ 
2 Pas 
x #2 
Fic. 1 Fic. 2 Fic. 3 Fic. 4 
Xt2 At2 
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9x?+9y?— 60*—240y+ 1600=0. Find the equations of the circles to which the 
given circles are tangent (1) externally (2) internally. 


Solution by the Proposer 


Denote the given circles respectively by A, B, and C; their radii by rn, ro, r3; 
and their centers by (1, y:), (%2, v2), (%3, ys). Let the center of the required circle 
be (x, y) and the radius r. Since the distance between the centers of two tangent 
circles is equal to the sum or difference of their radii depending upon whether the 
circles are tangent externally or internally, we have 


= (rt)? (1) 
(x—22)?+ (y—y2)?=(r tre)? (2) 
(y— ys)? =(r (3) 


The centers and radii of the given circles are: x, = 8, y:=0; %2=5, ye=0; x3=10/3, 
ys=40/3; n=8; rs=5; rs=10/3. Solving first for x and y in terms of r we get, 
for the circle tangent externally, say circle D, x=3r/13, y= (6r+-260)/39. Sub- 
stituting in (1) and solving for r, we get r=10/3. It is then a simple matter to get 
x=10/13, y=280/39. Using the same method for the circle to which the given 
circles are tangent internally, say circle EZ, we get r=130/9, x= —10/3, y=40/9, 
We can now write the equations of the required circles. 


D: 39x?+ 39y?—60x—560y+ 1600=0 
E: 
A is tangent to D at 
2210s 221 29 29 
B is tangent to D at 
33 17 17 


C is tangent to D at 


80 400 16 
to Eat 16). 
39 39 3 
Solutions were also offered by: Hugo Brandt, Chicago, Ill., Roby Fretwell, 
Canton, Mo. 


2232. Proposed by C. W. Trigg, Los Angeles City College. 


1. What restriction must be placed upon the sides } and ¢ of a triangle ABC 
in order that the median to 8, the join of C to the point of contact of the excircle 
relative to C with c, and the bisector of angle A may be concurrent? 

2. Show how to construct such a triangle with ruler and compasses. 


Solution by the Proposer 


1. The bisector to a, the median to 6, and the point of contact of the excircle 
relative to C with c divide these sides in the ratios bic, 1:1, and (5—a):(5—9), 
respectively. If these lines are to be concurrent, then in accordance with the con- 
verse of Ceva’s theorem, b(5—a) =c(5—b). That is, the necessary condition is b(b 
+c—a)=c(a+c—b). This condition may be written in a variety of forms, for 
example, a+b=c+2(b?+bc—c*) /(b+c). Now a+b>c, so we must have b?+be 


—2>0, P+be+e?/4 >5c2/4, b+¢/2>cr/5/2 and finally b> 4c(1/5—1). 


2. To construct the triangle we examine the necessary condition written in an | 
alternate form, namely, a=(b+c)—2c*/(b+c). For an arbitrary c, select — 
b> 3c(./5—1). Then construct the fourth proportional to (6+<), c, and 2c. Sub- 


we 


l, 
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tract this from (b-+-c) to secure a. Since we now have the three sides, the triangle 
may be constructed. 


2204. Proposed by Francis L. Miksa, Aurora, IIl. 


In the linear equation ax+by=(c+2z), with z taking on positive values, 
1,2,°°-, , what is the minimum value of c in order that the equation can al- 
ways have a solution in positive integers x, y for any given value of 2? 


Solution by Aaron Buchman, Buffalo, New York 


Let a and b be integers such that a>b>0 and a and Db are relatively prime. It 
will first be shown that when c= (a—1)(b—1)—1 and z=0, the equation ax+by 
=(c+z) is not solvable in integers. Let r=(a—b) and form the series, $1; r, r+a, 


r+2a,---,r+(b—1)a. Then the least residues modulo b of the series, 5, are 
0,1,°--, (b—1) rearranged. But it is at once seen that r+(b—1)a=0 (mod 8). 
Then the least residues modulo b of the series, S2; r+-a, r+2a, +--+ ,r+(b—2)a 
are 1, 2,:-+, (6—1) rearranged. Thus no term of Sz is divisible by b. Now 


r+(b—2)a=(a—1)(b—1)—1=c. Therefore, if ax+by=c were possible in in- 
tegers, then the last term of the left member, by, would be equal to one term of 
the series, So. But this was shown above to be impossible. Therefore, ax+by 
=c=(a—1)(b—1)—1 is not solvable in integers. 

It will now be shown that when c=(a—1)(b—1)—1 and s=1, 2,---, (b—1), 
the equation ax+by=(c+z) is solvable in integers. Form the series, S3; (r+2), 
(r+z)+a, (r+2)+2a,---, (r+z)+(b—1)a. Again the least residues modulo b 
of the series, Ss, are 0, 1,-++, (b—1) rearranged. Also, (r+z)+(b—1l)a=z 
(mod 5). Therefore, the least residues modulo b of the series, Ss; (r-+z), (r+z)+a, 
(r+z)+2a,---, (r+z)+(b—2)a are 0, 1,---, (b—1) rearranged, with the 
integer 2, (20), omitted from the set. Therefore, some term of the series, Sy, must 
be divisible by b. But (r+z2)+(b—2)a=c+z. Therefore, ax+by=(c+2z) is solv- 
able in integers if c=(a—1)(b—1)—1 and z=1, 2,---, (b—1). Finally it will 
be shown that when c=(a—1)(6—1)—1 and s=)+-A where 0shs(n—6), equa- 
tion ax+by=(c+z) is solvable in integers. Form the series, Ss; 4, h+a, h 
+2a,---,h+(b—\1)a. As before, it can be shown that some term of Ss is divisi- 
ble by b. But now again h+(b—1)a=c+z. Therefore, as before, ax+by=(c+z) 
is solvable in integers when c=(a—1)(b—1)—1 and z=), (6+1), (+2), ++, m. 
= it has been shown that c=(a—1)(b—1)—1 is the required minimum value 
of c. 

Solutions were also offered by C. W. Trigg, Roy Wild, University of Idaho and 
the proposer. 


HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
— in this department. Teachers are urged to report to the Editor such 
solutions. 

Editor’s Note: For a time each high school contributor will receive a copy 
of the magazine in which the student’s name appears. 

For this issue the Honor Roll appears below. 


2222, 3, 6, 8, 9, 31,32. Deeks, W. H.; Mason, C.1.; Pathy, A. C.; DeRuiter, P. L.; 
Grover, W. M. H.; Raymond, B.G.; Till, R. L. W.; and West, G. F.U pper Canada 
College, Toronto, Canada. 
PROBLEMS FOR SOLUTION 
2245. Proposed by Dwight L. Foster, Florida A & M College. 
If x>1, prove that 
1 1 1 1 1 1 
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2246. Proposed by Jerome M. Glick, Brooklyn (a challenge to high school stu- 
dents). 


If (pma+qmb+rnc+ snd) (pma—qmb—rnc+ snd) = (pma—qmb+rnc—snd) 
(pma+qmb—rnc—snd) then a/c=b/d, if p=2, g=6, r=3, s=9. 


2247. Proposed by Norman Anning, University of Michigan. 


Find the necessary and sufficient condition that ax?+bx+c and px*+qx+r 
have a common factor. 


2248. Proposed by Julian H. Braun, Illinois Institute of Technology. 


If a penny (diameter=}”) is dropped on the linoleum floor of a 10’ by 10’ 
room, the linoleum having a checkerboard pattern of 1” squares, what is the 
probability that the penny will overlap parts of three (and only three) squares? 


2249. Proposed by Dwight L. Foster, Florida A & M College. 
Prove that = (x—2)*. 
2250. Proposed by Clara Love, Chevy Chase, Maryland. 


If in triangle ABC, (a?+0*) sin (A —B)=(a?—#?) sin (A+B) show that the 
triangle is isosceles or right angled. 
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tures on both sides in color. 9 sheets of tally mark and number symbol cutouts 
and a 12-page Teachers’ Guidebook. Scott, Foresman and Company. Price $3.60. 


BOOK REVIEWS 


THe WorLp oF NumBers, by Dale Carpenter and others. Cloth. 1420.5 cm. 
1950. The Macmillan Company, 60 Fifth Avenue, New York 11, N. Y. Price 
$1.68 each. 

DALE CARPENTER, Senior Author 


Supervisor of Mathematics, Los Angeles City Schools 
In collaboration with the authors as follows: 


Arithmetic 3. EstHer J. SWENSON, Professor of Elementary Education, U niver- 
sity of Alabama. iii+316 pages. 

Arithmetic 4. G. Lester ANDERSON, Dean, Teacher Education, Colleges of The 
City of New York. iiit-316 pages. 

Arithmetic 5. Epirn M. Saver, Elementary-School Principal, Springfeld,Mass.; 
and G. LESTER ANDERSON. lii+316 pages. 

Arithmetic 6. DorotHy Leavitt Pepper, Teacher of Arithmetic, Los Angeles 
City Schools. iiit+-316 pages. 

Arithmetic 7. EL1zABETH CUTHBERTSON, Teacher of Mathematics, North Holly- 
wood (Calif.) Junior High School. iiit+-332 pages. 

Arithmetic 8. GEorGE F. Drake, Jr., Teacher of Mathematics, Van Nuys 
(Calif.) High School. iii+-332 pages. 


4 he World of Numbers is a series of six arithmetic books, grades three through 
eight. 

The format of this series is excellent. There are illustrations applicable to both 
the problems and the child’s every day experiences. The example pictures given 
in the first two books are in attractive full color and illustrate concrete objects. 
As the books advance, the number of illustrations decreases and less color is used. 
In the upper intermediate and junior high school books, bi-color, semi-concrete 
illustrations and diagrams are utilized. 

The content of each book in this series follows a definite sequential pattern. 
The addition and subtraction facts are shown in the first books in illustrations 
of fruits, flowers, dolls, marbles, children and other things familiar to the child. 
Multiplication and division are introduced in a similar manner. In the books 
following in this series, the above basic facts are given extensive review along 
with the introduction of new arithmetic operations. Most of the lessons begin 
with questions stating the problems involved in the operations. Examples show- 
ing ways to do the problems along with illustrative pictures and diagrams follow. 
After each new fact is introduced, there are good, sensible story problems under 
headings that call for class discussion. Each group of problems stresses some 
particular activity in the child’s daily living. Definite rules are then set down for 
the child’s use. Although it is important that the rules appear in this order, i.e. 
after the child has discovered them, we feel that they could be simplified a great 
deal. Many of the smaller rules, stated very complexly, could be generalized. 

-Before each new fact is introduced, a review lesson appears. This review fol- 
lows throughout each book. Note should be made concerning the “enrichment 
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material” given after each review. This gives the brilliant child an opportunity 
to broaden in the specific operation without getting far ahead of his classmates. 

Zero, although treated separately, is taught as a place-holder. This is a very 
good point for the lower grades; however, the zero fact is overemphasized in both 
books seven and eight. By this time, the child has grasped the role zero plays in 
our number system. Interest in arithmetic will lag in these grades if too much 
time and space are given to those facts that have been mastered and reviewed 
again and again. 

A noticeable overemphasized review drill appears in the division section of the 
sixth book. More than five full pages are given to problems involving two-place 
divisors. One would think, that once the child understands the meaning of the 
process involved in dividing with such divisors, he would be able to apply it to 
all two-place divisor problems without practicing approximately fifty such prob- 
lems with the same divisor. 

Books seven and eight are very good in this series. They give introductions to 
elementary algebra and geometry. It is believed that the child has mastered the 
fundamentals of arithmetic and is ready to approach higher mathematics, rather 
than be bored by repetitious review of what he has once learned. 

Throughout the series, the illustrations, diagrams, examples, and charts con- 
nected with the problems help stress the idea of interrelationships, emphasizing 
the fact that arithmetic is a system of related ideas. They are developed on the 
idea of making arithmetic more meaningful to the learner. 

Arithmetic Methods Class 

for Elementary Teachers 
Mr. Peak, /nstructor 
Indiana University 


THE PrIvATE LIFE OF THE Protozoa, by Winifred Duncan. Cloth. Pages ix + 
141. 1523.5 cm. 1950. The Ronald Press Company, New York. Price $3.00. 


Winifred Duncan’s first book, Webs in the Wind, established her name as a 
careful and entertaining interpreter of science for the layman. The Private Life 
of the Protozoa will further promote this reputation. 

Miss Duncan displays a rare quality of being able to describe the intricacies of 
the microscopic world in an unlabored language, with a free-flowing, inspiring 
style. When you read the delightful story of Amoeba proteus, you somehow feel 
that the protozoan becomes personalized and important, but the descriptions 
are not objectionably anthropomorphized. In the first fifty pages, you wade 
through a veritable jungle of protozoans, with Amoeba proteus the heroine in a 
highly dramatic story—fictionized, and yet stark with realism. You learn how 
Amoeba lives—her adventures, hazards, sex life, social life, and resurrection. You 
finish the story with a strange feeling of respect and admiration for a tiny animal 
scarcely visible to the naked eye. 

The remainder of the book gives brief biographic sketches of various small 
metazoic animals found in aquatic environments: hydras, flatworms, rotifers, 
and small crustaceans. The last third of the book is devoted to sketches of insect 
larvae, naiads, and nymphs. Each of these prose portraits reveals the author’s 
intimate knowledge of the miniature world. 

The Private Life of the Protozoa is an admirable accomplishment. It demon- 
strates that the vigor and enthusiasm of scientific pursuits can be conveyed 
through entertaining writing and still be instructive. 

GEORGE S. FICHTER 
Miami University 
Oxford, Ohio 


BIoLocy IN REvIEw, by Phil R. Gilman and Vincent R. Peterson. Paper. Pages 
405. 1318.5 cm. Lyons and Carnahan, New York. 


The authors, both teachers in Cleveland high schools, have prepared a ques- 
tion and answer biology review text. Each chapter subheading is a question 
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with the answer given below. At the end of each chapter there are various self- 
testing devices: questions, pertinent points brought out in the main chapter, key 
words used in the text. The book covers the entire field of biology at the high 
school level and is well illustrated with diagrams. It should serve as an excellent 
text supplement. 

S. FICHTER 


First ALGEBRA, by Virgil S. Mallory, Professor of Mathematics and Instructor in 
the College High School, State Teachers College, Montclair, New Jersey. Pages 
viii+444. Benj. H. Sanborn & Co., Chicago. 1950. 


In First Algebra the author has completely rewritten an earlier text of his in 
the field. In the preface he lists the following characteristics of the book: the 
development of each new topic is based on material with which the student is 
familiar; the text is planned for self teaching with controlled vocabulary and 
“Test Yourself” aids; ample practice materials are provided; problem solving is 
emphasized; and a maintenance program is provided through reviews and tests 
at the end of chapters. The content conforms with current recommendations 
from national committees and many city and state syllabi. The practice material 
is graded and many sets of exercises are divided into three levels of difficulty to 
assist the teacher in providing for individual differences in pupils. 

Examination of the text reveals that it has the characteristics listed by the 
author in the preface. The material on verbal problems is extensive. The illus- 
trations, type-size, and arrangement of material on the page provide easy read- 
ing and make the book attractive. It deserves careful examination by one looking 
for a new textbook in first year algebra. 

G. E. HAWKINS 
Lyons Twp. High School 
La Grange, Illinois 


GENERAL MATHEMATICS, by Virgil S. Mallory, Professor of Mathematics, Head 
of the Department and Instructor in the College High School, State Teachers Col- 
lege, Montclair, New Jersey, and Kenneth C. Skeen, Vice Principal and Head 
of the Department of Mathematics, Union High School, Taft, California. Cloth. 
Pages viii+478. 14X21 cm. 1951. Benj. H. Sanborn & Co., Chicago. 


This very readable text in General Mathematics presents a practical course in 
socially useful mathematics for high school pupils. The main purpose of the 
authors has been to include materials dealing with mathematical experience and 
training needed by boys and girls in solving their everyday real-life problems. In 
their endeavor to make the material socially useful they have been careful to 
select those topics and those kinds of problems which are concerned with the 
interests of students at school and at home, at work, and at play. 

While the topics presented are primarily from the field of arithmetic, this text 
also includes simple formulas and equations of algebra, basic work in intuitive ge- 
ometry and the tangent ratio. With the exception of work on signed numbers 
and vectors the authors appear to have included treatment of all of the items on 
the Check List of the National Council of Teachers of Mathematics. 

In the development of the text all explanations of new work are based on 
concepts and skills which have been learned previously. Each explanation is 
followed by “Test Yourself” exercises. Without consulting the accompanying 
answers until after he has worked out these exercises, the student can determine 
whether or not he understands the new work before proceeding with the formal 
exercises. The abundance of problems presented throughout the text should for 
the most part eliminate the necessity of using supplementary exercises. Each 
chapter is concluded with a comprehensive review list which summarizes its con- 
tent. This is followed by a first test on the content of the chapter. This in turn 
is followed by remedial work in the chapter and a second test. All of this material 
is keyed to sections where the work was presented originally. Each chapter is 
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~~ concluded with a cumulative test covering all of the work of the course 
to date. 

The fundamental operations with whole numbers, common fractions, and 
decimal fractions with applications to interesting life situations are reviewed in 
the first three chapters of the text. Later the final chapter of the book presents a 
* number of practice problems as remedial work for those pupils who are weak in 
computation. Here, again, instructions and hints are given to help the pupil to 
an understanding of procedures with which he may not yet be completely famil- 
iar. Answers for the problems in this chapter are given in the appendix. Skills in 
the fundamentals of arithmetic are maintained by means of twenty-seven “‘Keep- 
ing in Practice” tests placed at frequent intervals throughout the book. 

Provision is made for individual differences by dividing most of the lists of 
exercises into three levels of difficulty. By careful selection of the practice ma- 
terials provided, the teacher should be able to take care of all levels of ability. 
An abundance of valuable teaching illustrations, diagrams, graphs, and photo- 
graphs are appropriately placed throughout the text. The appendix includes 
complete tables of weights and measures and also a check list of items by means 
of which the student can rate himself as to his abilities in mathematics at the 
conclusion of the course. All through the book the authors have given careful 
attention to vocabulary, to sentence structure and to readability with the ideas 
of presenting the material in clear, concise form which can be comprehended read- 
ily even by the below average pupil. 

James B. Maus 
Lyons Township High School 
La Grange, Illinois 


THE PuysIcAL SCIENCES (Revised Edition), by George S. Eby, Stockton Junior 
College, Stockton, California; Charles L. Waugh, Richmond Union High School, 
Richmond, California; Herbert E. Welch, Stockton Junior College, and Bur- 
dette H. Buckingham, Applied Physics Laboratory, The Johns Hopkins Uni- 
versity. 529 pages. Appendix. Index. Ginn & Co. 1950. Price $3.36. 


This is a standard textbook in the physical sciences for high schools. Its con- 
tents are in four units: Sun and Stars; Earth Sciences; Physics That All Should 
Know; Chemistry That All Should Know. The treatment of the Sun and Stars 
and the Earth Sciences is extremely brief but reasonably well done. The Physics 
and Chemistry sections put emphasis on the everyday and the practical. Matters 
purely academic are scarce. The thesis of the book appears to be: the practical 
science around us. For example, the authors describe automobile transmissions, 
electric refrigerators, paper making, paint manufacture, and the like. On “up- 
to-date” topics the text is pretty well abreast of the times: supersonic speeds, jet 
engines of all types, radar, electric cooking, and so on. 

The text is accompanied by a laboratory program. A Teachers’ Manual with 
answers is available. The chapters end with “After You Finish This Chapter” 
suggestions; “‘Leisure-Time Activities’; “Readings.” These are good. 

The illustrations, both diagrammatic and photographic, are very good. The 
exposition reads smoothly and I find few glaring technical errors. 

As an academician I must comment on the absence of any substantial mathe- 
matics 1 the book. The advertising brochure says: “And because mathematics 
is a stumbling block to many, its mathematics is simplified.’ It is just this point 
of view which has prevailed in the elementary and secondary schools for the past 
25 years and which, in my opinion, has led to intellectual degeneracy. I have 
commented elsewhere on the profound illiteracy in readin’, writin’, and ’rithmetic 
that has emanated from our public schools in general in the last two decades or 
more, and it is the result purely of “watering down” anything that calls for in- 
tellectual effort! It seems that what we need is a return to matters mathematical 
in the schools, not further escape from it. 

But this book is good. I just cannot subscribe to its general premise that be- 
cause mathematics is a stumbling block we’ll avoid it. If we had more such stum- 
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bling blocks we’d produce better intellects. But, of course, there are the masses 
who need to be informed to some degree and in a more painless manner, and this 
book does it satisfactorily. ; 
Juttus SUMNER MILLER 
Dillard University 

New Orleans, Louisiana 


INTRODUCTORY NUCLEAR Puysics, by David Halliday, University of Pittsburgh. 
527 pages. Appendices. Author Index. Subject Index. Wiley 1950. $6.50. 


“This book is designed as a textbook for a beginning graduate course in nu- 
clear physics or (by omitting material in fine print) for an advanced undergradu- 
ate course. Some previous contact with atomic physics, at the level of under- 
standing qualitatively the nature of wave functions and quantum numbers, will 
be needed if full use is to be made of the material.”’ (From the preface.) 

This is a solid text in modern nuclear phenomena, embracing the operational 
point of view. Mathematical derivations are not given but their sources are. “An 
effort is made to examine both the assumptions upon which a theory is built and 
the results predicted by the theory. The experimental information is given in 
what is hoped is just enough detail so that the text can serve as a first source 
book of methods.” 

The problems are good. Many are classical. They are taken largely from actual . 
research data and hence are not purely “fictional.” There are abundant tables 
and references to modern literature. The terminology and use of units are precise, 
consistent, and up to date. 

Although the treatment is essentially descriptive it is such as to permit the 
goalie extend the mathematical argument as he wishes. The illustrations are 
very good. 

The author is eminently equipped to write an authoritative account and he has 
done this well. Teachers of physics, whether giving this course or not, will profit 
much from reading this book. 

Juttus SUMNER MILLER 


ELEMENTS OF ORDINARY DIFFERENTIAL Equations, by Michael Golomb, Asso- 
ciate Professor of Mathematics, Purdue University, and Merrill Shanks, A ssoci- 
ate Professor of Mathematics and Aeronautical Engineering, Purdue University. 
Cloth. Pages ix+355. 15.523.5 cm. 1950. McGraw-Hill Book Company, 
Inc., 330 West 42nd St., New York 18, N. Y. Price $3.50. 


This text is planned for a first course for students with a background of one 
year of elementary calculus. More material is included than could be covered in 
a one term course, hence some selection must be made. The emphasis seems to be 
somewhat more in the direction of development of mathematical theory than of 
applied problems. The discussion starts with geometric fundamentals and ap- 
plications other than geometric are not encountered until page 66. As the title 
indicates, there is no treatment of partial differential equations; on the other 
hand there is a more complete treatment of some topics than is often found in a 
text for a first course—for example, linear differential equations with coefficients 
that are functions with the same period, indicial and weighting functions, the 
linear differential equation of order higher than two. 

In some spots the discussion seems to take on a somewhat arbitrary tone—for 
example on pages 53 and 56 the student may well ask why certain equations 
should not be used as formulas for the solution of specified types of differential 
equations, in the discussion of the linear fractional equation it is not stated why 
there are two cases to consider. 

_ There is a rather extensive set of problems, with answers for the large major- 
ity. More difficult problems are starred. Whether or not this book will be suitable 
as a text in a particular course will depend upon the emphasis desired as well as 
the personal preference of the instructor. It seems to offer a reasonable com- 
Promise between a treatment involving only applications with little attention to 


Mi 

| | 

| | 


334 SCHOOL SCIENCE AND MATHEMATICS 


questions of mathematical rigor and the text which insists upon absolute rigor 
at the expense of not showing the student how to use the subject in any practical 
applications. In other words, it is a better than average text, certainly not out- 
standingly bad, probably not outstandingly superior to other available texts in 
the field. 
Crecit B. READ 
University of Wichita 


PRIMER OF COLLEGE MATHEMATICS, by John F. Randolph, Ph.D., Professor and 
Chairman of the Department of Mathematics, University of Rochester. Cloth. 
Pages xiiit+545. 1521.5 cm. 1950. The Macmillan Company, New York, 
N. Y. Price $4.75. 


The author states that he is trying to restore some unity to elementary mathe- 
matics, rather than have traditional courses of college algebra, trigonometry, 
analytic geometry, etc. It would seem that he has been more than ordinarily 
successful in attaining his objective. The material covered would be all the es- 
sential content of work through analytic geometry, with a brief introduction to 
both differential and integral calculus. Unlike some texts, when a student has 
covered this text, he will have all the needed foundation for a standard course in 
calculus; on the other hand, the student who will not go further in mathematics 
has found much valuable and useful material. 

Whenever the situation calls for a unified course covering much of the tra- 
ditional material, but without “compartmentatlization” into separate courses, 
this text is one of the best available. The author has paid particular attention 
to questions of rigor which are often neglected—for example the restriction that 
the base must not be zero in certain laws of exponents; the careful definition of 
the mantissa of a logarithm, the discussion of parametric equations which points 
out that the equation obtained by elimination of the parameter may contain ad- 
ditional points. 

The order of topics seems at times shocking to one accustomed to the tradi- 
tional sequence, yet analysis shows no reason why the order used is illogical. Ele- 
mentary applications involving permutations, combinations, and probability are 
found in the first chapter; first moments and centroids are introduced before 
discussion of rectangular Cartesian coordinates; integral calculus is found before 
elementary trigonometry. Such treatment is not unusual to one not prejudiced 
by tradition and it should certainly emphasize the relations between various as- 
pects of elementary mathematics. 

A few points of minor criticism might be noted: apparently between pages 234 
and 247 there was a change of mind as to how to spell sexagesimal; the author 
speaks of Mulweide’s formulas instead of the customary Mollweide’s equations, 
there is an awkward misprint on page 329, it might be mentioned that alternate 
definitions for the inverse trigonometric functions exist. These in no way detract 
from the general excellence of the book, which no one should overlook when 
searching the field for possible texts. 

Cecit B. READ 


ANALYTIC GEOMETRY AND CALCULUS, by Harold J. Gay, Late Professor of Mathe- 
matics, Worcester Polytechnic Institute, edited by Raymond K. Morley, Pro- 
fessor of Mathematics, Worcester Polytechnic Institute. Cloth. Pages vii+524. 
16.5X23.5 cm. 1950. McGraw-Hill Book Company, Inc., 330 West 42nd St., 
New York 18, N. Y. Price $4.50. 


In the past few years there has been a distinct tendency to combine the sub- 
ject matter of analytic geometry and calculus. In this text, although the material 
is in one volume, it is hard to see where there has been any gain over the possi- 
bility of using two texts, assigning from the analytic geometry text material 
through the conic sections, then using a calculus text for a while, then returning 
to the analytic geometry, etc. In other words, there seems to be little attempt to 
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use the methods of the calculus in the development of analytic geometry concepts. 

The treatment would be classed as definitely traditional except possibly for the 
alternation of subject matter mentioned. There is a rather ample supply of prob- 
lems, answers are in general given for odd numbered exercises. The exercises are 
printed in unusually small type. 

The reviewer finds certain points objectionable—this may be personal opinion 
and others may not think the points at all important. It might be preferable to 
state that a vertical line has no slope, rather than that the slope in this case is 
infinite; in the rule for reducing the general form of the equation of a straight 
line to the normal form, the case where C and B are both zero is not mentioned; 
in the definition of the tangent line to a curve, the second point must move along 
the curve in approaching the first point as a limit; in quoting the laws of ex- 
ponents no mention is made of the restriction that in some cases the base may 
not be zero; parametric equations are said to be “broadly speaking” equivalent 
to explicit or implicit equations (yet on the next page an example is given where 
the results are not equivalent); the graph of the cardioid on page 249 gives an 
erroneous impression of the shape of the curve in the vicinity of the pole; it is not 
mentioned (page 441) that Shanks’ value of r has been found erroneous in recent 
years; on page 412 it is emphasized that the important thing is to determine the 
convergence or divergence of a series yet on page 432 the problem of finding the 
quotient of two power series is discussed with the statement that the question 
of the interval of convergence is beyond the scope of the book; in discussing a 
method of solving a linear differential equation it is stated that it can be used 
when the right hand member contains certain common elementary functions 
without discussing functions under which the method fails (example: tan x, a 
fairly common elementary function). 

It is not implied that the book is worthless. Doubtless there are places where 
any text is found at fault by the instructor. If the points mentioned seem to the 
instructor relatively trivial, he may wish to examine the text with a view of 
adoption. 

Cecit B. READ 


ELEMENTARY THEORY OF EQuatTions, by Samuel Borofsky, Brooklyn College. 
Cloth. Pages x+302. 14.5X21.5 cm. 1950. The Macmillan Company, New 
York, N. Y. Price $4.25. 


This is a text planned for a course requiring no knowledge of the calculus. The 
author states that he hopes the text will bridge the gap between the ideas of ele- 
mentary algebra and the more abstract ideas of modern algebra. There is, how- 
ever, essentially only one chapter (Algebraic Number Fields) which contains 
material not common to most of the available texts in theory of equations. 

The treatment starts with a discussion of the complex number system (there 
seems to be a slight contradiction on pages 5 and 7—on page 5 the number zero 
is clearly not an imaginary number, on page 7 it seems to be so classified). The 
next chapter takes up polynomials in one variable, with a brief discussion of 
number fields; then a chapter is devoted to polynomials in the complex domain 
(the reader is a little troubled to see in just what manner the polynomials dis- 
cussed differ from those of the preceding chapter). Without mentioning each 
chapter by name, one finds treatment of customary topics, such as multiple 
roots; theorems of Budan and Sturm; Newton’s and Horner’s methods (Graeffe’s 
method is not mentioned) ; Cardan’s and Ferrari’s solutions of the cubic and quar- 
tic; ruler and compass constructions; determinants, and their application to 
linear equations; elimination. There is a reasonably ample supply of exercises, 
with answers supplied to some, but not all, problems. 

There may be difference of opinion as to what should be included in a text. 
For example, some instructors may object because Laplace’s expansion of a de- 
terminant is not given; others will desire presentation of some method of ap- 
proximating the complex roots of an equation of higher than the fourth degree; 
still others will object because the author, when discussing some topic beyond 
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the scope of a text, fails to give a reference which might be consulted if so de- 
sired. Another instructor might object to the fact that in the lists of problems 
involving location of roots and involving finding approximate values of roots, 
there is only one example in which more than one root appears between consecu- 
tive integers. There are some places to which the reviewer takes exception, for 
example on page 93 it is not true in the statement of Descartes’ rule that the 
number of positive roots is equal to the number of variations less 2g, where q is 
greater than or equal to zero, but rather (as properly stated on page 88) where q 
is a non-negative integer. Again, in chapter twelve, after defining the general 
determinant of order n essentially in terms of a determinant of order n—1, the 
expansion of a determinant is discussed in terms of the sum of all possible prod- 
ucts of the elements. It is by no means obvious that this gives the same expression 
as is given by the author’s definition. 

The points discussed are largely a matter of opinion—it is quite impossible to 
please everyone. There is not a large number of texts in this field, and for many 
college courses, this text should certainly be considered when an adoption is 
contemplated. 

B. READ 


SPACE AND GEOMETRY, by Aaron Bakst, School of Education, New York Univer- 
sity. Paper (mimeograph) 77 pages. 21.528 cm. 1950. New York Bookstore. 


In a foreword the author states that this monograph presents a brief survey of 
fundamental ideas of Geometry which he considers constitute the foundations of 
the subject. The material is presented for the teacher, not the high school student. 

It is doubtful if the teacher will find anywhere in the literature as concise and 
excellent a summary as is presented here. Unfortunately there are too many 
typographical errors, but they should cause no particular difficulty. Although all 
the material is well written and without any errors in theory or fact, in the opin- 
ion of the reviewer the last half of the monograph is superior to the first. The 
teacher will find here an excellent summary of the distinctions between the vari- 
ous non-Euclidean Geometries. This monograph will clarify the concept of the 
affine and projective transformations and introduce the teacher to elementary 
concepts in topology. It is highly recommended for the teacher who wishes an 
introduction to some material which may have been omitted in his formal train- 
ing program, yet, which he has not found in text or references readily available 
to him. 

Ceci B. ReaD 


ANNUAL SUMMER MEETING OF THE NATIONAL COUNCIL 
OF TEACHERS OF MATHEMATICS, ST. OLAF 
COLLEGE, NORTHFIELD, MINNESOTA 
AUGUST 20-23, 1951 


The National Council of Teachers of Mathematics is holding its annual sum- 
mer meeting at St. Olaf College, Northfield, Minnesota, for four days beginning 
Monday, August 20, 1951. Outstanding teachers and nationally known leaders 
in the field of mathematics will conduct meetings and present demonstrations 
at all levels of mathematics. The meetings will include general sessions, sectional 
meetings, laboratory sessions, discussion periods, and study groups. These study 
groups will be under the direction of prominent teachers and leaders for a con- 
tinuing three-day session and will have limited enrollments. The latest in audio- 
visual aids will be exhibited; films, film-strips, models. Anyone having a model 
that has proven useful in the teaching of mathematics is asked to exhibit the 
model at this conference. Write to Mr. Emil Berger, Monroe High School, St. 
Paul, Minnesota, for information if you wish to exhibit material. It is hoped that 
models from all sections of the nation will enhance the exhibit of teaching aids. 
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St. OLAF COLLEGE ACCOMMODATIONS 


The meetings will take place on the St. Olaf College Campus, forty miles south 
of Minneapolis and St. Paul on Federal Highway 65 (State Highway 218). The 
Jefferson Bus Lines and the Rock Island and Milwaukee Railroads provide ex- 
cellent transportation facilities for north and southbound travel and make good 
connections with east and westbound travel. College dormitories will provide 
adequate accommodations with charges of $1.50 per day per person in double 
rooms and $2.00 per day per person in single rooms. All linen and towels will be 
furnished by the dormitory. All rooms will be available from Sunday, August 19 
through Wednesday night, August 22. 

Meals may be obtained at the college cafeteria with an average cost of $1.30 
for breakfast and lunch. Special plans have been made for each evening as fol- 
lows: Monday a picnic ($1.00), Tuesday a Norwegian Dinner ($2.00), and Wed- 
nesday a banquet ($2.50). 

Reservations for rooms and registration for study groups should be made as 
soon as possible. Send reservations or requests for information and registration 
forms to Professor C. S. Carlson, St. Oiaf College, Northfield, Minnesota. A 
registration and reservation form will appear in the May issue of The Mathe- 
matics Teacher. 

RECREATIONAL FACILITIES 


Facilities for recreation on the campus will include a golf course, swimming 
pool, tennis courts, an evening trip to the observatory at Carleton College, 
Northfield, folk dancing, and excursions. St. Olaf is the “southern gateway” to 
the magnificent northern Minnesota resort area with its numerous lakes and the 
famed North Shore Drive along beautiful Lake Superior. Plan a vacation trip 
to the “Land of 10,000 Lakes,” and invite the mathematics teachers in your 
school or in other schools to meet you and your friends in Northfield at the end 
of August. 


ANNUAL MEETING OF THE MICHIGAN CONFERENCE OF 
MATHEMATICS TEACHERS 


The second annual meeting of the Michigan Conference of Mathematics 
Teachers will be held on the weekend of May 11-12-13, 1951, at St. Mary’s Lake 
Camp, near Battle Creek. The program of the conference is being planned to 
provide stimulating professional activities for mathematics teachers at all grade 
levels from the elementary school to the junior college. Enough time will be set 
aside to allow participants to take advantage of the excellent recreational op- 
portunities which the camp affords, and to become well acquainted with their 
colleagues from other schools. The following program has been announced by the 
program committee. 


Friday: 1:00 to 6:00 Registration 
4:30 to 5:30 Coffee hour 
6:45 to 7:45 Dinner 
8:00 to 8:30 Short general meeting: address of welcome and for- 
mal opening of the conference 
9:30 to  “Get-acquainted” hour, games and conversation, 
with coffee and “snacks” at 10:00 
Saturday: 8:00 to 8:30 Breakfast 
9:00 to 9:30 General meeting 
9:30 to 10:30 Meetings of discussion groups 
:30 to 11:30 Meetings of discussion groups 
to 1:00 Luncheon 
30 Meetings of discussion groups 
30 Meetings of discussion groups 
:00 Recreation period 
00 Dinner 
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7:30 to 8:30 General meeting of the conference. The speaker will 
be Mr. Walter H. Carnahan, of Purdue University 

8:30 to (?) Recreation period, with coffee and ‘‘snacks” to 
10:00 

Sunday: 8:00to 8:30 Breakfast 

9:00 to 10:00 Meetings of discussion groups 

10:00 to 11:00 General meeting of the conference 

12:00 to 1:00 Dinner 


The program committee is planning a varied array of topics with competent 
leaders for the small discussion groups, and is arranging also to provide observa- 
tion, instruction, and practice in constructing multisensory teaching aids. 

The cost of attending the conference is very moderate. The total cost to each 
individual will probably be twelve dollars ($12), which will include dormitory 
sleeping accommodations for Friday and Saturday nights and all meals begin- 
ning with dinner Friday evening and ending with dinner Sunday noon. This 
charge also includes the nightly coffee and “snacks” and the registration fee of 
one dollar. The camp can accommodate only about 150 persons. Reservations 
should be made early and each must be accompanied by a two-dollar ($2.00) 
deposit, which will be deducted later from the total charge. Requests for reser- 
vations should be sent to one of the following persons: 

Donald Worth, Lincoln Junior High School, Kalamazoo, Michigan 

William H. Nault, W. K. Kellogg Junior High School, Battle Creek, Michigan 


WORKSHOP FOR MATHEMATICS TEACHERS AT COLORADO 


Dr. Donovan A. Johnson, Head of the Department of Mathematics of the 
University High School and Assistant Professor of Education at the University 
of Minnesota, will conduct a Workshop for Teachers of Mathematics at the 
University of Colorado during the first term of the summer session of 1951, from 
June 18th to July 20th. This Workshop will provide an opportunity for mathe- 
matics teachers to specialize in areas in which they have individual needs and 
interests. Dr. Johnson is author of a series of arithmetic workbooks, and has con- 
ducted several institutes for teachers of mathematics. 


Dial-face thermometer, for outside a window, is easily read because light 
through the transparent back illuminates the red pointer and figures on the glass 
front. The device has two small pointers to indicate hot and cold extremes during 
any desired period. 


Humidity controller is for use with standard home or office electrical humidi- 
fiers or dehumidifiers which requires no special installation. It is merely plugged 
into the electric outlet, and the humidifier plugged into it. It operates auto- 
matically when its dial is set at the relative humidity desired. 


Strong elementary- and secondary-education systems throughout the country 
are vital to national strength and to the improvement of individual opportunity. 
Although educational opportunities are excellent in some parts of the country, 
children and youth in too many of our communities still do not receive adequate 
education. Inequalities exist primarily because of differences in the financial 
resources of the states and localities. 


